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TluB work has been constructed for the purpose of placing in the hands of the 
public a useful and thoroughly accurate Atlas of Maps of Modem Geography, in a 
convenient form, and at a moderate price. It is based on the * Boyal Atlas/ by the 
same Author ; and, in so far as the scale permits, it comprises many of the excellences 
which its prototype is acknowledged to possess. The aim has been to make the book 
strictly what its name implies, a Handy Atlas — a valuable substitute for the ' Royal,' 
where that is too bulky or too expensive to find a place, a needful auxiliary to the 
junior branches of families, and a vade mecum to the tutor and the pupil- teacher. 



OPINIONS OF THE PRESS. 

" Is probably the best work of the kind now published." — Tinut, 

" Not only are the present territorial adjustments duly registered in all these maps, but tlie 
latest discoveries in Central Asia, in Africa, and America have been delineated with laborious 
fidelity. Indeed the amj^le illustration of recent discovery, and of the great groups of dependencies 
on the British Crown, renders Dr Johnston's the best of all Atlases for English use." — Pall Mall 
Oazeite, 

" He has fd^en us in a portable form geography ][>osted to the last discovery and the last Re- 
volution." — Saturdaif Review. 

" This is Mr Keith Johnston's admirable Royal Atlas diminished in bulk and scale so as to 
be, perhaps, fairly entitled to the name of ' handy,* but still not so much diminished but what it 
constitutes an accurate and useful general Atlas for oniinary households." — S/Kctator, 

"Thus we are Inclined to give Mr Alexander Keith Johnston every credit for the production 
of a handy and at the same time accurate and excellent Atlas, otnd briimng within reach of every 
one the advantagejs without the bulk of his admirable Royal Atlas." — JSxaminer. 

" Tlie ' Handy Atlas ' is thoroughly deserving of iU name. Not only does it contain tlie latest 
information, but its size and arningement render it perfect as a book of reference." — Standard. 

"It presents to the public, in a convenient form and at a very moderate price, a thoroughly 
accurate Atlas of Modem Geography." — Observer. 
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PREFACE TO FIRST EDITION. 

Geography has of late years assumed that position in the business of Education to which, from its 
interest and importance, it is so well entitled ; and it is now found that, in order to do justice to its 
claims, it must be taught in a manner more systematic and orderly than was formerly considered 
necessary. The most obvious means of facilitating its study was the separation of its component parts 
into the great divisions of Physical or Natural, and General and Descriptive Geography ; 
and since public attention was first directed to the advantages of this distinction by the Author*s 
folio Physical Atlas, many elementary treatises have been published for the purposes of general 
instruction. The subject-matter of each of these will find its appropriate illustration in the following 
Work, which has been prepared expressly for the purpose of conveying broad and comprehensive 
views of the Form and Structure of the Earth, and the principal phenomena affecting its outer crust 

Beginning with a representation of the Oceans, Lakes, Rivers, Mountain-Chains, Plains, and 
Valleys of the different portions of the Globe, it proceeds to the distribution of those elements by 
which its surface is affected — Earthquakes, Volcanoes, Heat, Wind and Rain ; and concludes with 
the actual occupation of its surface by the different races, families, and species of plants, animals, and 
man. 

The object of Physical Geography, in treating of inorganic matter, is to represent the Earth 
in its natural state, divested of the accidental or artificial divisions which have been introduced by 
man's agency. By a patient study and careful comparison of numerous facts, the knowledge requisite 
for such a representation has, within a recent period, been greatly extended. Comparative Geography 
has led to analogous views of the structure of the different Continents similar to those which 
comparative anatomy has established in relation to the lower animals and man. The bones and 
arteries of the latter have their representatives in the mountain-chains and river-courses of the 
former. Asia, in its continental mass, presents a picture of majestic unity ; Europe, indented and 
broken up into numerous peninsulas, exhibits an example of the greatest diversity ; while the Western 
Continent is remarkable for its grand simplicity. Again, contrasting climate and position, we find 
that Africa, presenting the greater part of its surface to the burning rays of a tropical sun, has all its 
days and nights of nearly equal length — the diversity of the seasons being almost unknown ; while, 
in the frozen regions around the Poles, night extends its absolute empire, " day disappears with its 
radiant cortege, or if it shines, it is but the longest meteor of a long night"* 

Physical Geography teaches that there is an intimate and reciprocal action of Man on the Earth, 
and of the earth on man, without attention to which it is not possible to understand the National 
character or physical development of a people. In the East, his wants being easily supplied, and 
having no necessity to struggle with nature, Man resigns himself to indifference and fatalism ; 
while in the West, in order that he may live, he must conquer the obstacles which nature opposes to 
his progress ; and hence much of the energy, the perseverance, and the intellectual pre-eminence 
which characterise the races of the West. The whole character of a nation may, as Dr Arnold 
observes, be influenced by its geology and physical geography. " Who can wonder,'* he says, " that 
the rich and well-watered plain of the Po should be filled with flourishing cities, or that it should 
have been contended for so often by successive invaders ?''t It is the abundance of its coal-mines 
that gives to England its pre-eminence in the manufacturing world. China is chiefly interesting to 
us for its cultivation of the tea-plant, the Molucca islands for their spices, and Siberia for its furs. 
It is owing to the nature of the soil and climate that the Southern States of North America are 
essentiallv agricultural ; while, from having fewer advantages in this respect, and greater geographical 
facilities from seaports, the Northern States are almost as essentially manufacturing and commercial. 

The eminently suggestive character of ' the Maps will, it is hoped, enable the intelligent teacher 
to draw many such contrasts and comparisons. Physical Geography is the history of Nature 
presented in its most attractive form, the exponent of the wonders which the Almighty Creator has 
scattered so profusely around us. Few subjects of general education are, therefore, so well fitted to 
expand and elevate the mind, or satisfy the curiosity of youth. 



PREFACE TO THE SECOND EDITION. 

In the present edition four plates appear for the first time,}! the others have been revised and 
improvea,§ and the text is in great part re-written. For valuable aid in the design and execution of 
the geological illustrations, the Author is indebted to his friend^ Archd. Geikie, Esq., F.R.S.) Director 
of the Geological Survey of Scotland. 

EoiNBVBGH, December x868. 

PREFACE TO THE THIRD EDITION. 

At the suggestion of the Rev. Edward Hale, of Eton College, the cotidal lines have been added to the 
map, which exhibits the ocean currents ; and the opportunity was taken to re-engrave this plate from a 
more perfect drawing. This forms the chief new feature of the present edition of the Atlas ; but the 
whole of the maps have been subjected to a critical revision, and a large part of the accompanying 
letterpress has been re-written. 

EooTBUSGil, Febmary 2873. 

• RrrTES. \ * Lectures on Modern History.' 

X Plates II. and III., Illustrations of Physical Geology ; XIII. and XIV., River Systems of the British Isles. 

f The Geological Map of the British Isles has been engraved from a new drawing. 
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DESCRIPTION OF THE PLATES. 

PLATE L— Chartograpliy and dimatograpliy. 

CHARTOGRAPHY. 

Fig. I is that of the Mariner's Compass, distinguishing the true and the magnetic 
north points. The compass consists of a magnetised needle, bearing a circular card, the 
outer edge of which is divided into 32 points, half and quarter points, and into 360 
degrees. The four chief or cardinal points are North, South, East, and West ; the 
E. being towards the right when facing the N. The points in the middle space between 
two cardinal points are named after both, and written N.E., N.W., S.E., and S.W. 
A point half-way between one of these last and a cardinal point is named by a com- 
pound of the nearest cardinal point and the adjacent point : thus the point beween N. 
and N.E. is termed N.N.E. ; the point beween E. and N.E. is E.N.E., &c. The points 
next the eight principal points have the word l^y between the name of such point and 
the next cardinal point : thus the point next to N. on the E. side is termed N. ^ E. ; 
that next, on the W. side, N. by W., &c. The needle points to the magfutic north, 
which only in a few parts of the world agrees with the true or geographical north, and 
the difference between them is called the variation of the compass. The variation is 
termed easterly when the north point of the needle is drawn to the east of the true 
north, and westerly when drawn to the westward. The variation differs according to 
the place of observation on the surface of the earth, and the position of certain slowly 
changing points of attraction called magnetic poles. 

Fig. 2 represents a River-Course, with arrows pointing the direction in which the 
water flows. The right bank of a river is that on the right hand of a spectator situated 
with his back to its source, and the left bank that on the left hand. 

Fig. 3. A Ship at Anchor. An Anchorage is a suitable holding-ground unimpeded 
with rocks, where ships can conveniently cast anchor. Sounding is the mode of ascer- 
taining the depth of water or the nature of the sea-bottom : it is performed by means 
of a weight attached to a sounding-line, marked at every 10 fathoms, with an inter- 
mediate knot at every 5 fathoms, and carrying an apparatus by means of which a 
sample of the sand or mud of the sea bottom is brought up. The line attached to the 



2 DESCRIPTION OF THE PLATES. 

instrument called the log, by which the rate of a ship's motion is ascertained, is divided 
by ktwts into lengths, each of which is in proportion to a geographical mile as half a 
minute is to an hour. The log being thrown overboard, note is carefully taken of the 
number of knots which run out in half a minute, and it follows that the vessel is passing 
through the water at the same number of geographical miles an hour. Hence the 
term knot has come to be used as another name for a nautical mile, so that when a 
ship is said to make lo knots, she is progressing at the rate of lo sea miles an hour. 
Soundings, or ascertained depths, are marked on sea-charts in fathoms, (See fig. 14.) 

Fig. 4. A Lake or Inland Sea is a portion of water surrounded by land. Wood- 
lands , or Selvas^ are lands covered with natural timber. Llanos are vast plains of South 
America, alternately covered with rank vegetation, and reduced to a desert state by 
drought. 

Fig. 5 is that of a Firth or Estuary, an inlet of the sea connected with the mouth of a 

river. The term firth or frith is sometimes applied to an open channel, as the Pentland 

Firth, in which case it appears to have originated from the Latin word /return; but as 

extensively used on the east coast of Scotland, the word is undoubtedly derived from the 

fiord (pronounced ^«r///) of the opposite shores of Scandinavia. 

Fig. 6. Gulf, a recess of the ocean or of a sea into the land. It is often used 
indifferently with Bay ; but the latter term is applied either to a large or small extent of 
water, while the former is used only to designate an extensive recess of the sea, or 
opening into the land. 

Fig. 7. Bay, a large or limited recess of the ocean, of a sea, or large lake. A 
sheltered bay is a place of refuge for a ship in a storm ; a Harbour ox Haven is a small 
bay or port for shelter. The mouth or mouths of a river is a term used to 
designate that portion of country near where a river enters into a lake or estuary, 
or into the ocean. The French word embouchure is often so applied. 

Fig. 8. Strait, a narrow passage of water between two continents or islands, or the 
entrance from the ocean to a gulf or lake. It is sometimes called a channel ox a sounds 
and is often erroneously written " Straits." (See also fig. 6.) 

Fig. 9. Delta, from the Greek A, is a term applied to alluvial tracts between the 
bifurcating branches of a river. The best example of a delta is that at the mouth of 
the Nile, shown in the plate. An Isthmus is a narrow neck of land between two seas, 
joining two peninsulas or other portions of land. The Suez Canal, cut across the 
former Isthmus, has geographically made Africa a vast island. A Cataract is a 
sudden fall of a large body of water from a considerable height ; the fall of a smaller 
body of water is called a Cascade. A Rapid is produced by a gradual declivity in the 
bed of a river. Rapids are sometimes navigable. 

Fig. 10. A Promontory is a more or less tapering projection of the land into an ocean, 
sea, or lake. Cape is a part of the coast extending into the water beyond the general 
shore-line, as in fig. 6 ; or the point of a promontory, as in fig. 11 ; it is also termed a 
Point, Head, Ness or Naze, and MulL Headland is a high bluff" portion of the coast 
not projecting far into the sea. Archipelago, a sea interspersed with many islands, as 
the iEgean Sea. Breakers^ a name applied to rocks or banks which impede the 
motion of waves, and cause them to break or foam. 
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Fig. II. Peninsula, a portion of land almost surrounded by water. When the 
neck of land which joins a peninsula to other land is narrow, it is called an Isthmus. 

Fig. 12. Desert, a tract of sterile land, covered with sand or loose stones ; the term 
is often applied to uncultivated wastes not devoid of vegetation. Oasis is an isolated 
spot in a desert, where perennial vegetation is supported by springs or by Artesian 
wells. Marshes occur in all situations— on heights, in valleys, in woods, or on the sea- 
shore ; they are either of fresh or salt water. Some are constantly under water, while 
others are periodically dry. They often emit noxious exhalations termed malaria, 
which render the air unhealthy, and produce fevers. 

Fig. 1 3. A Chain, or range, of mountains, is a series of elevations linked together con- 
tinuously or closely, so that their length greatly exceeds their breadth : the Crest is the 
highest part of the range. Peak is the term applied to the conical or pointed summit 
of a mountain. A Table-land, or Plateau, is a portion of the surface of the earth elevated 
above the general level of the region in which it is situated : it may be entirely sur- 
rounded by mountains or cliffs, or only bounded on one side by higher land. A Water^ 
parting is the ridge-line, from which waters flow in different directions. A water- 
parting may either be elevated, as a mountain-top or the crest of a range of mountains, 
or only a slight undulation above the general level. The Watershed is the slope down 
which the tributary streams flow from the water-parting to the main cliannel or course 
of a river. A River-basin is a hollow, enclosed at its rim by a water-parting; the 
sides are formed by the watershed, and the lowest part is occupied by the channel of 
the river. A Portage is that portion of the water-parting over which goods or boats 
may be transported from one river-basin to another. 

Fig. 14. Hills or Mountains are represented on maps by means of shading, which 
is, or ought to be, darker in proportion as the height and slope are greater. The shading 
is produced by lines, ox hachures^ placed alongside of each other, or by graduated tints. 
The scale in the diagram shows the requisite depth of shadow necessary to represent 
any elevation or declivity from a plain at the level of the sea to a slope of 45**. Roads, or 
Roadstead, an open anchorage-ground, where ships are sheltered under lea of the land. 
Sandbank is an accumulation of sand under water, diminishing the depth of the sea, or, 
it may be, appearing above water at certain stages of the tide. Surfxs the name applied 
to waves which break upon a flat shore, or a sandbank (termed bar when it stretches 
across the mouth of a river or estuary), or over a reef of rocks or coral. The character 
of a coast-line, whether bold or flat, is shown on charts by signs indicating rocks, 
cliffs, dunes, sand, mud, shingle, &c. 

Fig. 15. The different forms of mountains, cliffs, &c., are here shown in profile. In 
the upper corner is a topographical plan of a Glacier, showing the descent of frozen snow ; 
and a Moraine, or accumulation of stones brought down by the glacier, at the bottom. 

Fig. 16 (upper section) shows the method of oblique hill-shading adopted in the 
new survey of Switzerland, and other Continental maps. The light is here represented 
as coming from one side only, thereby increasing the effect of relief. In vertical 
shading (lower section) the light is supposed to fall perpendicularly. According to this 
method — which is adopted in the trigonometrical surveys of England and France — 
the effect is less picturesque, but more accurate. In Fig. 16 (lower section) Volcanic 
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peaks are represented as they would be seen vertically, from a great elevation; and 
below, the same peaks as seen horizontally from the surface of the earth. (See Cone 
of a Volcano in Action, fig. 21, lower section.) 

Fig. 17. Contouring is a method of representing, by lines on a flat surface, all 
those portions of a mountain or any high land which are of equal elevation. The 
shaded section is supposed to be a rock in the ocean, the bottom of which, h, is on a 
level with the surface of the sea at low water : as the tide rises, the line of level, or 
contour-Hue^ is successively raised to i ^, 2 /, &c. The lines under the section show 
the projection of the contours on a flat surface. 

Fig. 18. Plan of an isolated mountain, seen vertically, with contours shaded 
according to the scale, fig. 14. The sections show the outlines of its several sides, 
with their elevations in feet, and the method of shading. 

Fig. 19. A portion of Palestine, with the valley of the Dead Sea, to convey an 
idea of the method of representing absolute height and depth, vertically and in profile. 

Fig. 20. Atolls, or lagoon islands, are circular reefs of coral formation rising out 
of the sea, and enclosing a lagoon. Other forms of coral reefs are shown in fig. 21. 

CLIMATOGRAPHY. 

The names of the objects represented in the view of atmospheric phenomena are 
given by references at the bottom of the Plate. 

Atmospheric Refraction, — When a stratum of the atmosphere, next the earth, is 
accidentally expanded or condensed, distant objects, instead of being elevated, are 
depressed ; and occasionally, from two such strata of different densities being placed 
together, the objects are elevated by one of them and depressed by the other, and 
they appear double, one of the images being direct and the other inverted. The lower 
figure represents a ship with its masts and rigging : it is on the horizon, and is the 
actual vessel. Immediately above is an inverted image of the vessel, quite distinct in 
all its details. Owing to the great amount of refraction in the Arctic regions, the sun 
is seen earlier above the horizon, and disappears later than in lower latitudes — thus 
shortening, by several days, the dreary polar winters. 

Clouds are vapours rendered visible by their condensation. They float in the 
atmosphere at an elevation varying from a quarter of a mile to nine or ten miles 
above the surface of the earth. Clouds are classified and divided into seven kinds 
three of which, called the cirrus, cumulus, and stratus, are simple ; and four — the 
cirro-cumulus, cirro-stratus, cumulo-stratus, and cumulo-cirro-stratus or nimbus — are 
compound. 

1. The Cirrus (called by sailors the '* cat's tail") is formed of thin parallel fila- 
ments, sometimes resembling a brush, at other times woolly hair or light network. It 
is the least dense of all clouds, and attains the greatest elevation and the greatest 
variety of form. The fine particles of which this cloud is composed are supposed to 
be minute crystals of ice or snow-flakes. 

2. Cumulus is the name applied to convex or conical heaps of clouds extending 
upwards from a horizontal base. The structure of the cumulus is usually very dense • 
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they are formed in the lower regions of the atmosphere, and are carried along the 
current nearest the earth. They often resemble bales of cotton, or distant hills covered 
with snow. 

3. The Stratus appears in the form of a horizontal band, which generally forms 
at sunset and disappears at sunrise. It is a continuous sheet of cloud increasing from 
below upwards ; and being the lowest kind of cloud, its lower surface usually rests on 
the earth. 

4. The Cirro^umultis is formed by the cirrus-cloud, by the breaking up and col- 
lapsing of its fibres into small rounded masses, separated by intervals of clear sky. It 
occurs in dry, warm, summer weather, when it is known as the " mackerel sky'' 

5. The Cirro-stratus is a combination of the cirrus and stratus, consisting of 
slightly-inclined masses, dense in the middle and thin towards the edges. In form and 
position it often resembles shoals of fishes. It is a precursor of storms. 

6. The Cumulo'Stratus is formed by the blending of the cirro-stratus and the 
cumulus. It appears when the cumulus is surrounded by small fleecy clouds, just 
before rain begins to fall, or on the approach of a thunderstorm. 

7. CumulO'CirrO'Stratus or Nimbus is the rain-cloudy or system of clouds from 
which rain is falling. It first assumes a black or bluish-black colour, but changes to 
grey when rain begins to fall 

A Rainbow is formed by the sun's rays falling on minute drops of water, as those of 
rain, or the spray from a fountain, which, on the opposite region of the sky, are refracted 
into prismatic colours, and reflected to the eye of a person placed with his back to the 
sun. Lunar rainbows are produced in the same manner by the light of the moon, but 
the bow, owing to the feeble illuminating power of the moon, is usually colourless. 

Lightning. — If, by the sudden precipitation of the vapour of water in the atmo- 
sphere, a certain quantity of electricity is disengaged, then a spark is emitted, which 
passes from one cloud to another, or from a cloud to the earth, and the zigzag form 
of its passage is caused by the unequal conducting power of different portions of the air. 
The colour of lightning is generally a dazzling white, but it sometimes has a violet tinge. 
The noise of thunder, which follows lightning, is caused by the displacement of air by 
the explosion of the electricity, and the irruption of that which succeeds it in filling up 
the vacuum. 

Waterspout, — This remarkable meteorological phenomenon is generally observed 
at sea, but sometimes also over sheets of fresh water. From a dense cloud a conical 
pillar descends tapering with the apex downwards. When over the sea, there are 
apparently two inverted cones — one projecting from the cloud, and the other from che 
water below it. Waterspouts originate in adjacent strata of air of different tempera- 
tures, running in opposite directions in the upper regions of the atmosphere, condensing 
the vapour and imparting to it a whirling motion. The water of the sea is not sucked 
up by a waterspout, as is commonly supposed, only the spray is carried up by the whirl- 
ing vortex. The water poured out from waterspouts is always fresh, or nearly so. 

The Aurora Borealis is a luminous electrical phenomenon of great beauty, seen in 
the northern part of the heavens. It generally appears soon after sunset as a luminous 
arch, which spreads over the celestial hemisphere and speedily assumes a pyramidal 
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forniy with shooting columns of light on all sides, but mostly towards the zenith. Its 
forms subside and reappear with a flitting motion, and sometimes^ after spreading over 
the heavens, the aurora bursts into a splendid display of variegated colours. The 
aurora which appears near the south pole is called Aurora Aust rails. The auroral dis- 
play is occasionally so extensive that it has been seen at the same time in Europe and 
America, and in the northern hemisphere as near the Equator as the West Indies. The 
generally accepted theory of the origin of the aurora, is that it is an electrical or mag- 
netic discharge from the poles of the globe, and this view is supported by the ob- 
served movements and agitation of the magnetic needle during the appearance; 
but the theory has been advocated that the aurora is simply the reflection 
in the heavens of the oblique rays of the sun, from an illuminated portion of 
the earth's surface adjacent. Where the reflected surface is frozen, the ice crystals 
may divide the rays, and give rise to the varied hues of the aurora ; whilst the constant 
movement of the mirrored land or water beneath the sun, due to the rotation of 
the earth, may give the fitful changes of the light. 

Meteors. — Igneous meteors, comprising fire balls and shooting-stars, are luminous 
bodies which suddenly appear in the sky, generally at a g^eat height above the earth, 
moving through the heavens with immense velocity, in a direction inclined to the 
horizon. After shining with great splendour for a few seconds, they sometimes 
explode with a loud noise. The shooting-stars, which appear in vast numbers from 
the gth to the 14th November, about the nth August, and at other stated times, are 
supposed to form a group of bodies which revolves about the sun in an elliptical orbit, 
and which, in passing through the aphelion, come in contact with the atmosphere 
of the earth with a velocity of about 30 miles a second, when they become ignited 
and are consumed. 

Snow is moisture in a frozen state which falls from the clouds when the tempera- 
ture of the air containing aqueous vapour is at or below the freezing-point, 32"* Fahr. 
If snow, in falling from the upper atmosphere, passes into strata of a higher tempera- 
ture, it will be melted before it arrives at the earth's surface ; hence it never snows in 
the torrid zone, nor in the temperate zone during the heat of summer, except on the 
tops and sides of very high mountains. 

The Barometer is an instrument contrived to measure the height of a column of 
mercury supported by the pressure of the atmosphere. The scale attached to the 
glass tube, on the left of the diagram, shows how much the mercury falls, for every 5000 
feet, in ascending into the atmosphere : thus, supposing the temperature uniform, and the 
height of mercury in the tube to be 30 inches at the level of the sea, it would fall to 
20J inches at 10,000 feet, or to 9J inches, if carried to a height of 30000 feet above 
that level. In measuring the height of mountains with the barometer, correction for 
difference of temperature between the base and summit, at the time of the observation, 
forms an important element in the calculation. The Thermometer is divided into 
degrees, according to the Fahrenheit, Centigrade, and Reaumur scales — the first of 
which is used iij this country, and the two latter on the Continent The tem- 
perature at which water boils at different elevations, depending on the pressure of 
the atmosphere, is used as a means of ascertaining the heights of mountains. Thus, 
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as shown in the Plate, water boils at a temperature of 2 12** at the level of the sea, when 
the pressure is about 30 inches. If it were to boil at a temperature of 172^, it would 
indicate an elevation of 26,000 feet above that level. 

In the scale on the right side of the Plate the different kinds of winds are named 
according to their estimated velocity in miles per hour. Thus, 50 miles per hour indi- 
cates a storm, and 80 miles a hurricane. The scale also shows the calculated amount 
of pressure, in pounds* weight, exercised by each on a square foot of surface. Thus 
a velocity of 50 miles per hour gives a pressure of 12*3 pounds on a square foot of 
surface. The scale on the extreme right of the Plate gives the ascertained amount of 
rain which falls in different places, showing the remarkable increase of quantity in 
proceeding from temperate to tropical countries : for while at London the annual fall 
is about 20 inches, in some parts of the Western Ghauts Mountains of India it 
amounts to 300 inches, or fifteen times as much. 

PLATE II A.— IlliiBtrationB of the Action of Bain and Streams. 

Over the surface of the whole globe there is everywhere in progress a process of 
disintegration and decay. From the tops of the highest mountains down to the shores 
of the sea, the rocks which come to the surface, even the hardest and most compact, 
are undergoing a gradual destruction. This is effected by a number of agents, chief 
among which are rain, streams, frost, glaciers, icebergs, and the sea. The result of the 
combined action of these different forces is the constant removal of solid material from 
off the surface of the land. The rocks decay, the mouldering parts are washed off, 
new surfaces are exposed to the same destruction, and give place in turn to others. 
This process of waste is known in geology by the name of dmudaiion — that is, the 
denuding or laying bare of rock by the removal of other portions of rock which once 
covered it. In Plates II. and III. A are given some illustrations of the chief forms 
under which denudation is carried on. The figures from i to 9^2: on Plate II. show 
the action of rain and streams^ the left-hand column ( i to 6) representing the destruc- 
tive effects, and the right-hand column (7 to 9^) the reproductive effects, of that 
action. 

Destructive Effects. — Every year, in such a country as Britain, there falls a quan- 
tity of rain which, if collected together, would be sufficient to cover the whole surface 
to a depth of from 2 to 3 feet. Part of this rain sinks underground, and, after a sub- 
terranean circulation, reappears in the form of springs. Another and much smaller 
portion finds its way, by brooks, rivulets, and rivers, into the sea. When the moisture 
falls upon the land as rain it is nearly pure water, but when, after flowing over that 
surface, it comes down to the sea, it is loaded with mineral substances, either in 
mechanical suspension, such as fine mud, or in chemical solution, as is the case to a 
greater or less extent with all spring- water. These mineral ingredients or impurities 
are derived from the decay of the rocks of which the land is composed. When, there- 
fore, we look at a muddy river entering the sea, we have before us a proof of the great 
waste which is going on over the surface of the region drained by that river. 

In fig. I (Plate II.) the first and most direct effect of the fall of rain is seen in the 
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print of the raindrop upon soft sand or mud. On a sandy or muddy beach the ground, 
after a shower of rain, is seen to be covered with thousands of little pits, produced by 
the impact of the rain-drops. If a gale has been blowing at the time, the prints are 
slanted in the direction towards which the wind blew, and have the sand or mud ridged 
up on their farther side. 

Fig. 2 illustrates the further progress of the same action. A thick mass of earth, 
with many stones of all sizes, is there shown to occupy the sides and bottom of a valley. 
The rain has gradually loosened and washed aw2Ly the earth round each stone, but the 
latter has acted as a protection to the portion of earth lying immediately underneath 
it. Hence, as the soil around has been removed, the stones have appeared to rise out 
of the ground on pillars of earth. But the weather continues to act, though more 
slowly, upon these pillars. By degrees the support of the stone gives ^'ay, and then 
the column of earth, no longer protected, crumbles away. Instances of this kind on 
a small scale are occasionally to be seen in Britain, but they occur in great perfection 
in certain valleys of the Alps. 

When the raindrops coalesce they form tiny rills ; these unite into runnels, these 
into brooks, and so on till we come to the broad and stately river. Whether the 
stream be small or large, it makes a course for itself, which it tends constantly to 
widen and deepen. This it does by pushing mud, sand, g^vel, or boulders along the 
sides and bottom of the channel These materials rub down the rocks over which 
they are rolled, acting as a kind of file, and enabling the streams to cut for themselves 
a path through even the hardest rocks. In fig. 3 a river is seen to have in this manner 
excavated a long winding gorge or ravine. 

In the carving-out of a river-course, however, much must necessarily depend 
upon the nature and arrangement of the rocks on which the water has to act If they 
are very hard and compact, the rate of erosion may be extremely slow ; if changes 
occur in their arrangement — softer portions, for example, alternating with others 
ofiering more resistance — the river may be turned from side to side in frequent curves. 
Sometimes a trifling obstacle is sufficient to turn a stream aside. A brook flowing 
along flat ground, for instance, may be deflected by a tree or a stone. Under similar 
circumstances a river winds in broad serpentine curves, as shown in fig. 5. It tends 
always to cut through the narrow part of the loops, and would thus shorten and 
straighten its course were it not at the same time busy making new loops elsewhere. 

It often happens that a stream cuts out part of its course by means of waterfalls. 
This is specially the case with many ravines. A waterfall may be formed in the 
bed of a stream at the junction of two or more rocks which possess very unequal 
powers of resistance — such, for instance, as a hard limestone lying upon a soft shale. 
In fig. 4 a junction of this kind is shown by a section where we see the softer strata 
exposed to the dash of the spray from the fall, and crumbling therefore under the 
overlying harder strata, which project and give rise to the perpendicular waterfall. As 
the shales moulder, the support of the limestone from time to time gives way, and 
consequently large masses of rock are precipitated into the bed of the stream. But 
the soft beds underneath are again excavated, and a new outjutting ledge of limestone 
by degrees appears. In this manner slice after slice is cut off" the face of rock behind 
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the fall ; the cataract recedes up the stream, and leaves behind it a deep gorge or 
ravine. In the figure (4), the end of a lake is seen to the left. When the ravine has 
cut its way back to the edge of this sheet of water, the waterfall will begin to diminish 
in height ; and in proportion as it diminishes, the level of the lake will be lowered. 
In the end the waterfall wiir disappear, the lake, if not too deep, will be drained, and 
the river, flowing through the bed of the old lake, will escape through the narrow 
ravine which has been cut by the upward retrogression of the fall. The long deep 
gorge in which the river Niagara flows has been thus excavated by the backward 
movement of the famous falls. 

That portion of rain which, instead of flowing off" by brooks and rivers, sinks into 
the soil, sometimes produces striking changes upon the surface. Water percolating 
underground through loose porous strata removes portions of these, and tends to 
undermine the rocks that lie above. If this should happen on a slope, the overlying 
mass may be deprived of its support, and slide down or break off", forming what is 
known as a landslip. One of the most remarkable recorded landslips which have 
happened in this country is represented in fig. 6. It took place at Axmouth, near 
Lyme Regis, on the Dorsetshire coast The cliff's there consist of chalk and green 
sand, resting upon stiff* lias clay, which slopes towards the sea. There had been much 
rain during the early winter of 1839, and the rocks of the cliffs had become full of 
water, which, unable to descend beneath the clay at the bottom, flowed seawards along 
its surface underneath the cliff's. By this means the strata of the cliffs, which had 
probably been already undermined by the action of springs, lost their support. The 
ground cracked in many directions, and in particular a deep fissure was formed, three- 
quarters of a mile long, 100 to 150 feet deep, and 240 feet broad. 

Reproductive Effects. — The sediment worn off" the land by rains and streams goes 
to form the material for the formation of new rocks. Some portions of it accumulate 
in valleys and lakes, but the greater part finds its way into the sea. Fig. 7 indicates 
the way in which a river sometimes deposits sand and gravel in a valley, and leaves it 
in the form of terraces on either side. Such river-terraces are of common occurrence. 
The upper ones are the oldest, for the rivers cut their way down, and leave their 
alluvia to indicate the former level of the watercourses. 

Where a stream enters a lake, and the onward motion of its current is checked by 

the still water, the sediment which it held in suspension is allowed to settle to the 

bottom. As it gathers year after year, this sediment makes the lake at this part 

shallower, until a low flat tract of land is perhaps actually gained from the water. In 

fig. 8 a gain of this kind is indicated at the mouth of a mountain stream. In the 

figure underneath (fig. 8«), a section is given of the new ground thus formed in the 

lake. At the bottom lies the hard rock of the district in highly inclined beds. Over 

this come the sand and gravel, pushed outwards by the stream. Each new addition 

of sediment, after travelling over the surface of these deposits, is shot gently over 

their further edge, which slopes away from the- shore. Hence the alluvial materials 

are extended into the lake, very much as a railway embankment is made. They 

gradually rise towards the surface of the water, and at last, by the additions which 

they receive in floods, they get above the usual water-line. Vegetation then 

B 
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takes root, and helps to raise the general surface of the newly - formed 
ground. 

The name given to such accumulations of sediment at the mouths of streams is 
Delta. Originally this term was applied to the great flat alluvial expanse at the 
mouth of the Nile (fig. 9), from the resemblance of its general outline to that of the 
Greek letter of the same name. But the word is now widely used to denote all such 
low alluvial grounds at the mouths of streams, whether large or small, and whether 
they have the delta shape or not. 

The delta of the Nile (fig. 9) is one of the most symmetrical upon the globe. 
Its base next the Mediterranean is upwards of 200 miles long, and its length from the 
sea to Cairo 100 miles. Over this wide expanse of flat alluvial land the river sends 
innumerable branching channels, the two main arms reaching the Mediterranean at 
Rosetta and Damietta. All this area has been formed by the mud brought down by 
the river. It is prevented from extending seawards by a strong marine current which 
washes its base, and sweeps the sediment away into deeper parts of the Mediter- 
ranean. 

In the case of the Mississippi delta, on the other hand, the sediment is allowed to 
settle in the Gulf of Mexico, and to push its way seawards in long branching arms. 
That arrangement is shown in fig. 9^2:, which represents the outer end of the delta. 
The mud and silt carried in suspension by that vast river are deposited in the Gulf, on 
either side of the narrow channels into which the main stream branches. These 
channels thus flow along narrow alluvial strips of land which are pushed out into the 
Gulf at the rate of between 200 and 300 feet in a year. 

The vast extent of the deltas of the Mississippi, Amazon, Ganges, and other 
large rivers, shows the enormous amount of denudation which has been carried on by 
the diflerent agencies of atmospheric waste. These alluvial accumulations, hundreds 
of feet deep and thousands of square miles in extent, have been formed out of the 
mud, sand, and gravel which have been worn away from the mountains and plains by 
the action of rains, streams, frosts, &c. Yet they do not by any means represent the 
whole amount of loss sustained by the laqd. A large proportion of the sediment 
is carried into the sea, and there mingles with the marine deposits, to form with them 
strata which, in after ages, will be elevated into hills and valleys like those from the 
rocks of which they have been derived. 

PLATE XL B.--Illiistration8 of the Geological Action of Ice and Snow. 

When water passes from the fluid into the solid state, as it does in the act of 
freezing, it assumes a new character as a geological agent, and begins a new series of 
geological changes not less remarkable than those which it effects when flowing as a 
liquid over the surface of the earth. Some of the more striking of these changes are 
illustrated in this Plate. 

Frost.— Pi^ rocks are more or less traversed with joints, cracks, or other partings, 
into which water finds its way. When the water contained in these narrow chinks 
freezes, it expands, and in the act of expansion exerts a great pressure upon the walls 
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of rock between which it is confined. After repeated freezings and thawings, these 
walls get gradually pushed farther and farther away from each other. Hence what 
was at first a mere crack becomes widened by degrees into a gaping rent, and the rock 
is split open. When this takes place along the face of a cliff, large masses of rock are 
from time to time detached, and fall to the base of the precipice. Fig. lo shows a 
cliff of this kind traversed with perpendicular and transverse joints, of which frost has 
taken advantage to loosen and detach many large blocks. These are lying piled up 
at the bottom. There, however, they are exposed anew to the frosts and thaws of 
winter, and are still further split up. In climates where the temperature in winter 
sinks below the freezing-point, frost plays an important part in loosening the cohesion 
of soils and rocks. 

Snow. — In mountainous countries where snow falls heavily, it sometimes accumu- 
lates in thick masses upon steep slopes. When springs or rain or the melted water 
from the snow runs down the slope underneath the snow, the hold which the latter 
has upon the ground is loosened ; and its weight lending it impetus, a large mass of 
snow sometimes slides bodily down the declivity, sweeping trees, rocks, and houses 
before it, and carrying ruin far down among the vineyards or corn-fields below. This 
is known as an avalanche (fig. 2). The geological changes produced by the direct 
action of snow are, however, of slight moment when compared with those which are 
performed when the snow, solidifying into ice, moves down the valleys as massive 
resistless glaciers. 

Glaciers. — In Alpine and Arctic regions there is a varying limit known as the line 
of perpetual snow ^OT more simply, the snow-line. The snow which falls below this line 
in winter is melted in summer, while the snow which falls on ground higher than this 
line is only partially dissolved by the sun's heat. If this latter portion, therefore, had 
no other way of disappearance, it would rapidly accumulate till the mountains and 
continents were deeply buried under snow. This state of things, however, does not 
take place. The snow which gathers above the snow-line slides gently into the higher 
valleys, where, as it moves slowly downward, it becomes pressed into ice, and takes 
the form o{ glaciers. Where a broad mass of ground rises above the snow-line, the 
snow presses downward into every available valley, and the glaciers thus produced are 
the drainage of the snow-fields. A glacier is thus quite comparable to a river. It is 
indeed a river ofice^ and carries off the superfluous snow somewhat as a river carries 
off the superabundant rain. In fig. 13 a sketch is given of part of one of the broad 
Norwegian snow-fields, and two of the valleys are shown into which the snow-drainage 
moves, each of them being in consequence occupied by a glacier. Fig. 18 is a map of 
part of the glacier district of Monte Rosa, and shows how the snow drains down into 
the Valleys, and gradually takes the form of glaciers, which descend far below the 
limits of the snow-line. The general aspect of a glacier as seen from its lower end is 
given in fig. 12. On either side rise the mountainous sides of the valley; in the 
centre, following all the windings of the valley, lies the glacier. In front is the termi- 
nation of the glacier, where the ice melts away as fast as it is pushed forward, and 
where from the terminal cave a rushing rapid river takes its rise. Another glacier, 
which reaches the sea in Spitzbergen, is shown in fig. 14. 
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The direct geological results of glacier-actioa are two-fold : — i. The carrying of 
enormous quantities of debris from higher to lower levels ; and, 2. The erosion of the 
sides and bottom of the valleys down which the ice moves. 

1. The transporting power of a glacier is well seen in fig. 12. Along each side 
of the glacier large quantities of soil, stones, and blocks of rock, falling from the 
mountain sides upon the ice, are borne onward, and are at last tumbled down in heaps 
where the ice finally melts. These are called moraines, those along the sides of the 
glacier being lateral, and those at its lower end terminal moraines. Where two 
glaciers, issuing from separate valleys, unite into one glacier, the right lateral moraine 
of the one and the left lateral moraine of the other come together, and form a central 
ridge or mound of rubbish down the middle of the enlarged glacier. This is known 
as a medial moraine. It is well seen in fig. 12. Upon the surface of the glacier shown 
in fig. 14 several lines of medial moraine are represented, indicating the union of a 
number of glaciers. Some moraines are of great size, and prove how great is the 
amount of waste going on in many mountainous districts. 

2. The erosive power of glaciers gives them a high importance as geological 
agents. The sand, gravel, and stones which get entangled between the bottom of the 
ice and the rocky floor beneath it act as so many files to scrape, groove, and polish 
the rocks. Wherever the floor over which a glacier moves can be examined, it is 
found to present a smoothed and polished surface, which is covered with numerous 
straight and more or less parallel striae, varying from the finest hair-lines up to 
grooves like the ruts of cart-wheels. This kind of surface is not, however, confined to 
the bottom of the valley, but can be seen along the sides where the ice has retreated 
a little ; and, indeed, often for many hundred feet above the present limits of the ice. 
The character of the striae is indicated in fig. 19, which represents an ice-scratched 
stone from the moraine of an alpine glacier. Several sets of striae are there indicated, 
the stone having several times shifted the position in which, jammed between the ice 
and the rock, it had its surface ground down and striated. The smoothed, polished, 
and striated surface given by the ice to the rocks on the sides and bottom of a valley 
is shown upon the rock in the foreground of fig. 15. This is known to geologists as a 
roche motitonnSe. Two perclud blocks^ or large stones transported and left by the 
glacier, are also represented. 

The extent to which a glacier is ceaselessly eroding the rocks over which it 
moves is strikingly proved by the muddy nature of all streams which issue from the 
lower end of glaciers. The mud is derived from the constant grinding away of the 
rocks within reach of the ice. The peculiar smoothed and striated surfaces of rock, 
only to be effected by glacier-action, can often be traced up mountain-sides many 
hundred feet above the present glaciers, and far down the valleys below the point 
where the glaciers now melt. Hence the existing glaciers are only the shrunk 
remnant of what they once were. It is now well ascertained that a large part of 
Northern Europe has been in recent geological times covered with ice. Throughout 
the British Islands the ice-markings abound, not only in the valleys, but even on the 
sides and summits of the minor hills. 

Where a glacier issuing from its own valley crosses another valley, it sometimes 
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succeeds in damming back the drainage of the latter, and a lake is the consequence. 
Such has been the case in the valley depicted at fig. 15, where the two parallel lines 
sweeping along the sides of the hills mark two levels at which the water successively 
stood, when a barrier of ice stretched across the lower end of the valley, and prevented 
the water from escaping. They are lines of beach, the upper being the older of the 
two, and pointing to a long period during which the water, ponded back by the ice, 
stood at that level A diminution of the glacier then lowered the level of the lake to 
the second line. Subsequently the glacier withdrew, the lake disappeared, and the 
drainage resumed its ancient course. These lines are well marked in some parts of the 
Scottish Highlands, where they are known ^,s parallel roads. 

Icebergs, — ^When, as in Arctic and Antarctic regions, a glacier reaches the sea, it 
breaks off there into large fragments, which float away and are known as icebergs. 
The seaward end of a Spitzbergen glacier is seen in fig. 14, and a number of frag- 
ments of ice are floating in front of it. In fig. 16 the aspect of an iceberg in mid- 
ocean is shown. The geological results effected by icebergs consist in the transport 
and deposit over the sea-bottom of such debris as may have fallen upon the surface of 
the glacier before it reached the sea, and also in tearing up and wearing away the 
surface of submarine rocks or mud over which they may be driven. Icebergs have 
sometimes been seen loaded with rock-rubbish, and sailing away into mid-ocean with 
this freight from Arctic lands. 

Coast Ice. — In the far north the cold of winter suffices to freeze the water of the 
ocean. The first cake of ice formed along shore is borne up with the tide, and, aug- 
mented by renewed freezings, becomes at length a shelf of ice stretching for hundreds 
of miles along the coast, with a breadth of 120 or 130 feet, and a height varying from 
25 or 30 to 60 or 70 feet. It is known in Greenland as the icefoot The thaws of 
summer disengage millions of tons of rubbish, mud, earth, stones, and large blocks of 
rock, from the cliffs above. These are strewn upon the ice-foot When the summer 
storms come, large portions of the ice-foot are detached, and float out to sea, carrying 
with them their piles of debris. In time they melt away, and their earthy burden is 
precipitated to the bottom. By this means the floor of the Arctic seas in many 
places receives annually large quantities of detritus, borne by coast-ice from the 
Greenland shores. 

PLATE m A.— niustrationB of Sea-Action. 

Among the various geological agencies by which the surface of the earth is con- 
tinually modified, none presents itself under more varied and striking aspects than 
the sea. Covering, as it does, two-thirds of the entire surface of the globe, and wash- 
ing thousands of miles of coast-line in every continent, it claims an important place 
alike in physical geography and in geology. Its waters are always in motion, and in 
moving they disturb the sand, gravel, or rocks over which they pass. On the calmest 
summer-day, when the surface of the ocean is scarcely dimpled by a gentle undula- 
tion, we may yet watch the wavelets, as they ripple over the beach, catch up the fine 
sand, and roll it backwards and forwards as they advance and retire. The particles 
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of sand, in rubbing against each other, are necessarily roimded and lessened. Nov 
from this weak and hardly noticeable actioa we may trace a gradaally iacreasing 
exhibition of force, until we behold the bQIows of a winter stonn drivii:^ huge blodcs 
of rock shorewards, and bursting in clouds of foam upon the cliSs. 

Whether it be gently or with violence, there is a ceaseless tear and wear in pro- 
gress all round the margin of the sea. At considerable depths beneath the surface of 
the ocean there is probably little or no action of this kind ; bat where waves» tides» and 
currents can act, as they do when they come against a coast-line, the land suffers a 
gradual loss. In this process of destruction, it is not merely that the sea itself beats 
against the land, and wears it down, frosts, springs, rain, acting upon the rocks ot 
the shore, corrode and loosen them, and in this way powerfully aid the waves. In 
many cases, indeed, the waves do little more than remove the detritus which has 
been produced by these atmospheric agents of degradation. Much also depends 
upon the set of the tides, the force and direction of the prevalent winds, as well as on 
the form of the coast-line, and the nature and arrangement of the rocks against which 
the sea breaks. 

Plate III. A. contains some illustrations of different aspects of sea-action. In 
fig. I the rocks dip down beneath the waves like a kind of natural breakwater. In 
such a case, it is evident that the breakers must burst upon the slope and roll up 
towards its summit without doing it much damage. Their action is here reduced to 
a minimum. In the end, however, they succeed, with the help perhaps of frosts and 
atmospheric disintegration, in loosing some part of the rocky declivity. Other 
motions follow, until the slope is planed down. 

Fig. 2 shows how the waves advance when, in place of a slope, they have 
obtained a vertical face of rock to undermine. The pieces of stone detached from the 
cliff by frost or otherwise fall upon the beach, and are there made use of by the waves. 
In a gale these stones are lifted by the breakers and swung forwards against the base of 
the cliffs from which they have fallen. Year after year, as this grinding goes on, the 
stones, originally rough and angular, get rounded and polished, until they sometimes 
are not unlike cannon-balls. And indeed they are really missiles, while the breakers 
which drive them on form a kind of sea^-artillery. In many places they have battered 
the base of a precipice until they have hollowed out a cave, into which the waves rush 
with their freight of gravel and boulders. In other cases they have so undermined 
the cliff (as shown in fig. 2), that at last the overhanging portion fails to have sufH- 
cient support, and topples down upon the beach. 

The next two figures illustrate further stages of this action. In fig. 3 a sandstone 
cliff full of points has been tunnelled, partly by the waves and partly by rain and 
frosts. The roof of this passage will crumble away while the sides are being demo- 
lished, until in the end the arch falls in, and a detached mass of rock is left in advance 
of the cliff. This has already been the case with the sandstone pillar on the left 
hand. Formerly it was a part of the main cliff, but by degrees it has been severed, 
and year by year its bulk is diminishing, under the combined influences of the atmo- 
sphere and the waves. In fig. 4 are shown different stages, from the arched passage 
to the mere sunken reef or skerry. First a hollow or cave is made upon an out- 
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jutting mass of cliff; the cave is continued till it pierces the headland, and a tunnel 
is produced ; this is widened and heightened, and at length the roof falls in. A 
detached sea-stack now rises up in front of the cliff; slowly it loses bulk as centuries 
pass away, until at last it is reduced to but a tangle-covered rock, over which the 
sea-swell is ever breaking. Such has been the history of the newly-submerged rocks 
on the right of the figure. Farther to the left rises a pillar of rock now detached from 
the headland ; then comes the arch which is now being worn away, and lastly the 
main line of cliff, out of which future sea-stacks and islets remain to be carved as the 
sea advances inland. 

When the waves beat upon hard rock, their rate of progress is necessarily very 
slow. But when they encounter only sand, clay, or other soft materials, they some- 
times march onward with melancholy rapidity. Figs. 5 and 6 represent a remarkable 
example of such a rapid inroad. In the former figure, the old church of Reculver, on 
the Kentish coast, is represented as it stood in the year 1781, separated from the sea 
by a considerable space of ground covered with the churchyard and some buildings. 
Fig. 6 (Lyell) is from a drawing made in 1834. The intervening ground has all been 
swept away, human bones have been seen protruding from the cliff under the church- 
yard, and were it not for the artificial breakwater which has been constructed, the 
church would probably by this time have wholly disappeared. Similar evidence of 
the advance of the North Sea is abundant along the eastern coast-line of England. 
In some places the cliffs consist of soft stratified materials (as in fig. 7). In other 
cases the cliffs are formed of stiff uns,tratified boulder-clay (fig. 8). Where, as in the 
latter case, blocks of hard stone or boulders occur abundantly in the substance of the 
cliff, these accumulate below, and form a kind of temporary breakwater. Sometimes, 
and more especially where a river enters the sea, a bank of gravel and sand is thrown 
up by the waves in front of the land, from which it is separated by a channel of still 
water (fig. 9). In such instances the waves raise up a barrier against their own 
advance, and protect land which otherwise could not fail to be destroyed. In reality, 
however, the materials of these natural breakwaters do not withstand the waves. They 
travel along the coast line even for many miles, driven by the prevalent direction of 
the breakers ; and at last, where the bank ends, are either driven ashore or swept 
away seawards. 

The general result of the destructive action of the sea is to pare off and level 
down the margin of the land. As it is only the parts of the sea near the surface — 
those exposed to disturbance by winds — ^which display this action to any considerable 
extent, there is a constant tendency towards the production of a plane, the surface of 
which shall lie beneath the limit to which the influence of wind-waves extends. This 
surface is known to geologists by the name oi ^ plane of marinedef nidation. We often 
see it displayed on a small scale along our rocky shores, as in the diagram (fig. 10), 
where a series of inclined strata dipping inland has been planed down, the worn edges 
of the beds forming a kind of level surface under the waves. The result has been 
achieved, however, on a vast scale in some countries, broken and crumpled rocks 
having been, under the combined forces of denudation, planed down into wide pla- 
teaux or table-lands. Traces of such forms of surface are still to be detected in this 
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coontry. In Wales, for rTaTrpLe, arrrf amoa^ t^Le ScGCrcsii nxccuitants^ geologists have 
found relics of andent table-lands^ cot of wnfca die prrsent system of TaQcys and 
lakes has been excavated. 

The amount of solid material which is wcm oii the land every year by the united 
efibrta of rain, frost. Surlne?, riacfers. rirsrs. and the sea, cannct bat be enormousL 
This material, hcwevcr, is ajt lo-st : carrlei out bcneatn the sea, it b there ^read 
over the bottom in layers of aLnd, sLz, mud. and ^ravcL Year after year these layers 
increase in depth and Sij'idity. In after a^>i?^ when the bed of the sea comes to be 
elevated into dry land, these deposits will to a Lar^ extent, hive become by that 
time hard rock, and wili t':mi then the hills and vallej's of the new land. Such has 
b**^n the origin of most of the n^-'-g and mountains now viable upon the surface of the 
globe- They consist ia great part of 3and5t::nes^ limestones^ or rather strata, which 
once were deposited as sediment over the f!-j«jr of the sxrean, but which, in the course 
of many rcvoLntions of the earths surface, have now come to form hard parts of high 
and rugged Land. 

The Atlantic is the only one of the oceans whose bed has been at all explored, 
and our knowledge of it is still limited to that part of it which lies north of the 
equator. In no direction does t-Hi^ portion of the ocean bed present the form of a 
smooth basin from shore to shore, but. on the contrarj-. a series of great valleys and 
table-lands, with slopes as steep as any to be found on the Land of the globe. This 
will be ev-ident from a glance at the sections across the basin of the Atlantic {Sg, 1 1), 
which have been chosen as nearly as possible at right angles to one another ; but in 
looking at them it must be borne in mind that the vertical scale of each has been 
exaggerated to twenty-five times the reality, without which enlargement the undula- 
tions would scarcely be visible. The section {.:) from Trinitj- Bay. Newfoundland, to 
Valentia Island, Ireland, on the line of the telegraph cables, crosses one of the shal- 
lower regions of the North Atlantic, and shows probably the most generally level part 
of the whole ocean-bed. The greatest depth in this section is 2400 fathoms — a 
sinking which corresponds to the ele\-ation of the highest summits of the Alps. The 
section (6) from Cape Race, Newfoundland, to Cape St Roque, Brazil, shows one of 
the most une\-en parts of the ocean-bed. It passes first o\-er the bank of Newfound- 
land, which stretches south-east from the island for more than 300 miles, at a depth 
of less than 100 fathoms^ plunges suddenly into the deepest part of the ocean, first to 
4000, then to 6600 fathoms — perhaps the greatest depth in the North Atlantic — a 
depth in which the highest mountain of the llimala^-as might be set \»"ith its peak still 
10,000 feet below the level of the sea ; rises again by a steep slope to the plateau 
which fills the centre of the North Atlantic, culminating in the Azores Islands, and 
sinks once more before reaching Cape St Roque, in the depths which lie in the narrow 
part of the ocean between the West African and South American coasts^ The section 
(c) from Cape St Roque to Cape Palmas^ West Africa, crosses a great ridge in mid- 
ocean, which possibly extends from St Helena to Ascension and St Paul, having 
these blands for its summits, and thus dividing the ocean-bed here into t\ix> distinct 
bfl ?ip? ^ 
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PLATES ni. B ft v.— Earthquakes, Volcanoes, and Bising and Sinking of Continents. 

EARTHQUAKES. 

Earthquakes and Volcanoes are phenomena intimately connected with a heated 
condition of the interior of the earth, though the nature of this subterranean heat 
and force is not yet known ; and whether it is universal and constant, or partial and 
temporary, has not been decided. The high temperatures observed in deep mines 
and artesian wells in many parts of the globe, point indeed to a general accession of 
temperature inwards, which, if it progresses uniformly, would, at a depth of between 
20 and 60 miles, reach a point at which all known substances are in a state of fusion. 

The concussions of earthquakes are communicated from below, and consist in 
commotions of parts of the earth's surface, sometimes so slight as to be almost imper- 
ceptible ; at other times producing violent convulsions, which leave lasting memorials 
of their destructive effects. Earthquakes generally advance in a linear direction, 
undulating, with a velocity of from 25 to 35 miles in a minute; but sometimes in 
circles or great ellipses, in which, as from a centre, the vibrations extend with decreas- 
ing force towards the circumference. Their duration is often extremely short, the 
most destructive shocks being over in a moment. The great earthquake of Lisbon 
in 1755 lasted only six minutes. 

Earthquakes are generally accompanied by detonations, the noise of which has 
been compared to the roll of thunder, the rattling of heavy waggons, the irregular 
discharge of cannon, or the hollow sound of an exploding mine : sometimes these 
sounds are heard for a considerable length of time without any shock following ; and, 
on the other hand, cases occur in which the severest shocks are not accompanied by 
any noise whatever. When the earthquake wave, or that undulating motion of the 
earth's crust producing the phenomena of the earthquake, extends under the bed of 
the sea, the latter is always agitated. During the earthquake at Lisbon the sea rose 
50 feet above its ordinary level. In the open ocean the effect of an earthquake upon 
a ship resembles that produced by striking on a rock under water. 

An illustration of the effects of an earthquake upon the surface of the ground is 
given in Plate III. B, fig. 5. Towards the left a rounded building has been shattered, 
and one portion has sunk down to a much lower level than the remaining part. On 
the right the ground is represented as having opened in a long ragged fissure. Into 
such rents houses, trees, human beings, and different animals are sometimes precipi- 
tated ; and if the rent close again immediately, all trace of the objects engulfed is lost. 
It may happen, however, that a second shock coming close after the first may reopen 
the fissure, and even eject the buried objects to the surface again. 

Distribution of Earthquakes. —In so far as yet known, these may occur at 

any part of the earth's surface, excepting, perhaps, in those areas in which a gradual 

movement of depression is taking place. The portions of the map which are tinted 

over show the regions which are known to be subject to earthquakes, those parts in 

which the number and intensity of the shocks are greater being more deeply shaded ; 

C 
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it is probable, however, that the areas of the map which are not tinted at all are left 
blank, because no record has been kept of earthquakes which may have occurred in 
them.* No country, whatever the nature of its geological formation, is entirely 
exempt from such visitations; they have occurred even in the loose alluvial soil 
of Holland. They appear in all zones and at all seasons; and it is probable 
that the surface of the globe is continually agitated by concussions in some of its 
points. 

The earthquake district of the Mediterratuan and of Cetitral Asia extends from 
the Azores and Canaries on the west to Lake Baikal on the east, and probably to the 
Great Desert of Africa, the Nile delta, and the Desert of Arabia on the south. It is 
the longest and most regular zone of volcanic action on the globe. 

From the earliest times volcanic appearances have been observed on a line 
extending between the Caspian Sea and the Azores, which is the centre whence the 
earthquake proceeds, and according to distance from which the shocks decrease in fre- 
quency and violence ; and it appears that the boundaries of the principal concussions 
are limited by the more or less parallel position of the Pyrenees, the Alps, Carpathian, 
and Caucasian mountain-chains, in reference to this central line. 

Within this district the Earthquake of Lisbon occurred on the 1st November 1755. 
Suddenly a sound of subterranean thunder was heard, which was immediately suc- 
ceeded by a violent shock, demolishing the greater part of the city ; and within six 
minutes 60,000 persons perished. Its movement was undulatory, and it is estimated 
that it travelled at the rate of 20 miles in a minute. The axis of the shock formed a 
line extending from the coast of Morocco, along the western shore of Portugal, to 
Cork in Ireland. From Lisbon as a centre the line of devastation extended north to 
Oporto, and south to Ayamonte. Within this space, the sea, fearfully agitated by 
the concussion of its bed, caused great destruction. At Cadiz, a wave 60 feet high 
rolled over the land ; at Lisbon, the sea rose 50 feet ; at Funchal, in Madeira, it rose 
15 feet above the highest water^mark; and at Kinsale, in Ireland, it overflowed the 
market-place. The space within which this earthquake was observed on land 
extended in an elliptical form from the Island of Madeira to Abo in Finland, and 
from the north of Scotland to Sardinia. In Scotland, the water in Lochs Lomond, 
Katrine, Long, and Ness rose and fell repeatedly to an extent of 2 or 3 feet ; and a 
similar movement of the surface occurred in the lakes of Germany, Switzerland, 
France, and Scandinavia. The agitation of the waves of the sea extended across the 
Atlantic to the Antilles, where the islands of Antigua, Barbadoes, Guadeloupe, and 
Martinique were overflowed ; and at the same time an unusual movement was 
observed on the surface of Lake Ontario. 

Italy and its islands have been more frequently visited by earthquakes than any 
other part of Europe. Pompeii and Herculaneum were thus destroyed in A.D. 63, 
and sixteen years aftenvards, the cities, which had in the meantime been rebuilt 
were buried under the ashes and lav'a ejected from Mount Vesuvius, Since that time 

* The student is referred to the ** British Association Catal<^ue of Earthquakes " of the Messrs Mallet, which 
contains a record of earthquakes which have happened in all parts of the globe from B,c 1606 to A-D. 1850, 
and a full discussion of the theories of their cause. 
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earthquakes have been of frequent occurrence in Lower Italy and Sicily, especially in 
the eighteenth and nineteenth centuries. The great earthquake of Calabria — 5th 
February 1783 — is remarkable for the concentration of its force, since, within an area 
of 500 miles, 200 towns and villages were destroyed, nearly 100,000 of the inhabitants 
perished, and the face of the country was completely changed. The convulsions 
extended along the granite range of the Apennines from north to south, but were not 
perceived to the eastward of that chain. 

North of the foregoing district, in Basilicata and Principato Citra, with the Val di 
Diano as a centre, a series of earthquakes commenced on the i6th December 1857, 
and continued, with intervals, during January 1858. These exhibited many of the 
most appalling features of the phenomena; hills were levelled and deep fissures 
formed. Upwards of a hundred hamlets, villages, and towns were injured, many of 
them ruined, and nearly 10,000 persons perished. 

In 1838 a region of Southern Europe, far to the eastward, was visited by a 
destructive earthquake, the shock of which was felt at Vienna and Constantinople, in 
Southern Russia, and the countries of the Lower Danube. Greece and Turkey have 
also been visited by frequent and very violent earthquakes. Hence this district 
extends over Asia Minor, Syria, and Palestine, to the Caspian Sea and the Caucasian 
Mountains, where the country in the vicinity of Teflis has suffered severely, both in 
earlier and later times. Persia and the countries of the Caspian form the connecting 
link between this and the district of Central Asia^ where the course of linear concus- 
sion follows the direction of the great mountain-system of Thien Shan or Syan Shan, 
north of which the eastern portion of the Altai Mountains, the Plutonic fissure of 
Lake Baikal, and the warm springs of the Orkhon River, form the central line of that 
volcanic convulsion which destroyed Karakorum at the end of the thirteenth century. 
The countries of Asia have suffered as much from earthquakes as those of Europe. 
The great earthquake of Syria, in May, A.D. 526, most severely felt at Antioch, is said 
to have caused the sacrifice of 250,000 lives; and in the same region, in 1837, a shock 
occurred over an extent of 500 miles in length by 90 in breadth, by which 6000 per- 
sons perished. The earthquake of Cutch, in 18 19, caused such alterations that the 
bed of the eastern branch of the Indus, previously only i foot deep, was suddenly 
depressed to a depth of 20 feet. In 1832, a shock passed through the chain of the 
Hindoo- Koosh, and extended to Bokhara and Kokand. 

Earthquake District of India, — Between the years 1800 and 1842, one hundred and 
sixty-two earthquakes are recorded. In 1843 twenty-three shocks were experienced, 
and since then four or five have been observed in India each year. Most of these 
occurred within the region of the Himalayas, including Cabool, Jellalabad, Cashmere, 
Nepaul, and Assam. They very seldom happen in the peninsula south of latitude 
15**. Some of these were very severe. In 1833 a shock occurred in the plains 
between Delhi and Chittagong, the undulatory movement of which was from north- 
west to south-east : in the valley of Nepaul 4000 houses were overturned, 414 persons 
were killed, and 172 wounded. In November 1842, Calcutta was nearly the centre 
of an emanation, the shock of which extended to Darjeeling on the north, Chittagong 
on the east, and Monghyr on the west. From Mount Aboo as a centre, a shock 
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extended in an easterly and westerly direction, from Surat in the south to Simla in 
the north, over an area of about 100,000 square miles. 

The Eartliquake District of Iceland probably includes the whole of Great Britain , 
the north of France, Denmark, and Scandinavia. Its connection with the Mediter- 
ranean district is shown by the coincidence as to time in the great eruption of 
Skaptar Jokul of 1783 with the earthquake of Calabria in the same year. The first- 
recorded earthquake in England occurred in A.D. 974; since that time slight shocks 
have been felt in all parts of the British Islands, and latterly they have been very 
frequent at Comrie, in Perthshire. 

In Africa^ earthquakes appear to be unknown, except in a part of Barbary in the 
north, the region of the Red Sea in the east, and the Cape Colony in the south. In 
the latter region only three shocks are recorded in the present century, all of them 
slight — one in 1809, another in 1835, and the third in August 1846, which latter 
extended over an area of about 400 square miles. 

Earthquakes of America, — Both as regards frequency and extent, these equal the 
earthquakes of the Old World. They occur chiefly along the coast on the western 
side of the Andes, and on the northern declivity of the mountains of Venezuela, very 
few shocks having been recorded as taking place to the eastward of the Andes. 
Among the most remarkable was the earthquake of Chile^ 20th February 1835, which 
was felt everywhere between the Island of Chiloe in the south and Copiapo in the 
north. All the towns and villages between the parallels of 35° and 38° south were 
destroyed, and the line of coast was permanently raised. In the great earthquake of 
Caracas in 18 12, the concussion, like that of Lisbon, formed an ellipse. It was felt 
from near Bogota in the west to the Gulf of Paria in the east, and formed part of the 
district of nearly synchronous earthquakes which occurred between 181 1 and 1813. 
One of the great phenomena of tropical America was the eruption of Cosiguina, and 
the synchronous earthquake of New Granada in 1835. A few weeks after the erup- 
tion of this volcano, nearly the whole of New Granada was violently convulsed. The 
earthquake of Guadeloupe^ 8th February 1843, is one of the most interesting on record. 
It was felt over a long narrow zone, from New York to the mouth of the Amazon, 
3000 miles ; but its most violent concussion was confined to Guadeloupe and Antigua. 
The town of Point-^-Pitre in the former island was entirely overthrown, and 6000 of 
its people destroyed. The earth opened in several places, sheets of water spouting 
from the creeks 100 feet in height; and when the chasms closed, men and other 
objects were engulfed. The eastern side of the United States is a region where, though 
earthquakes have been frequent, they are seldom violent. More than 100 are esti- 
mated to have occurred within the past 200 years in the earlier-peopled districts. 
The oscillations of the ground in all the Appalachian region have a prevailing north- 
east and south-west direction. One of the most conspicuous earthquakes in North 
America was that which occurred in the Mississippi Valley in 181 2. It consisted of a 
series of concussions, beginning late in 181 1, and lasting at intervals for more than a 
year. It resulted in the submergence of a vast tract bordering the river on the west. 
This tract was permanently altered in level ; and some of the chasms opened in the 
earth during the shocks are still visible. On 4th January 1843, an earthquake was 
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perceptibly felt from Ohio and Iowa to Louisiana and Georgia, and from the western 
frontiers of Missouri and Arkansas to the Atlantic coast. Its duration was estimated 
at about two minutes, and its rate of motion 33 miles per minute. 

VOLCANOES OR BURNING MOUNTAINS. 

These mark certain portions of the earth's surface, where there is a direct com- 
munication between the atmosphere outside and highly-heated portions of the interior 
of the globe. At such points of communication, lava, aslus, scoricB, volcanic dusty 
steam, and gases are emitted. The gradual accumulation of the solid materials round 
the orifice gives rise to a volcanic hill. A volcano is consequently more or less conical 
in form. Its summit is usually occupied by a cup-shaped cavity called a crater (at 
the bottom of which lies the vetit or foctis of eruption), and its sides are covered with 
lava, loose blocks of ejected rock, or deposits of cinders and ashes. Volcanoes are 
active, dormant, or extinct. In the active state their craters give out large volumes of 
steam, with showers of ashes and red-hot stones, while streams of melted lava, escaping 
either from the crater or from fissures in the sides of the mountain, pour down the 
slopes, destroying all trees, vineyards, or houses that may chance to lie in their path. 
A volcano is said to be dormant when no eruptions take place from it, but when the 
escape of steam and gaseous or sulphurous exhalations shows that the subterranean 
heat can still make itself manifest at the surface. Vesuvius, for instance, had been 
dormant from time immemorial, until in the year 63 it suddenly became active, and 
destroyed the two Roman cities of Herculaneum and Pompeii. An extinct volcano 
is one where the eruption of lava, ashes, and steam, with the other signs of volcanic 
activity, has long ceased. In Central France and in Germany there are numerous 
extinct volcanoes, in which the craters remain perfect, though now grass-grown 
and silent. In the British Islands are found abundant traces of still more ancient 
volcanoes, the craters of which have long since been worn away ; but the lava and ashes 
ejected by them remain, and form portions of hills, and sometimes even entire hills. 

In Plate III. B are given three illustrations of volcanoes. Fig. i is a map or plan 
of Vesuvius, showing the small modern crater in the centre, with the large partially- 
effaced ancient crater-wall of Somma half encircling it, and the courses of the lava- 
streams down the sides of the mountain. Fig. 2 gives a view of Vesuvius from the 
sea. The modern crater here again occupies the centre, emitting a column of smoke, 
while the older crater of Somma is seen behind the present active cone. Fig. 3 is a 
drawing of three extinct volcanoes of Central France. In each of them the hill con- 
sists of a cone of ashes, with a central crater, one side of which has been broken down 
by the current of black lava. In each case the lava has risen within the crater until the 
pressure burst the weakest part of the crater-wall, and the lava flowed out over the plain. 

In some regions large quantities of steam and gas are evolved from small orifices, 
distinct from ordinary volcano craters. Near Naples, a well-known instance of this 
kind is called the Solfatara — a name which is now very generally applied to the ori- 
fices from which discharges of this kind take place. In some cases the emission of 
steam and water is eff*ected by sudden efforts, and with great force. Of this nature 
are the Geysers of Iceland. These are hot springs which for a few minutes throw up 
a column of water and steam with great violence to a height of ico feet or more, and 
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then sink into rest for a little till they are ready for a renewed outburst. Fig. 4 shows 
the eruption of one of these Geysers. Such is the force with which the hot water is 
driven out that it ascends vertically, even in spite of a strong wind which drives the 
steam to one side, and allows it to condense and fall in a shower of slanting rain. 
Stones thrown into the hole from which the water ascends are projected to great heights, 
and sometimes even broken to pieces by the violence of the discharge, 

RISING AND SINKING OF CONTINENTS. 

Movements of Elevation, — Gradual, and in some cases imperceptible, changes of the 
relative levels of land and sea are constantly occurring in countries situated at a dis- 
tance from active volcanoes, and where violent earthquakes are not known. Within 
the present century the shores of the Baltic, in Scandinavia, have been gradually 
elevated from 10 to 14 inches above the former level, and are still apparently on the 
uprise. By the earthquake of Cutch already referred to, the Ulla Bund, a tract 70 
miles in length and 16 in breadth, was upheaved 10 feet, and the Runn of Cutch was 
sunk so as to create a salt marsh, with an area of nearly 200 miles ; and by the earth- 
quake of Chile in 1835, a tract not less than 100,000 square miles was permanently 
elevated about 6 feet above its former level, and parts of the sea-bottom remained dry 
at high-water, with beds of shellfish adhering to the rocks on which they grew. There 
are also evidences of upheaval on the coasts of Denmark, and on the Prussian shores 
of the Baltic ; and recent observation points to regions of elevation on the north-east 
shores of Siberia, and at the northern extremity of Baffin Bay. Proofs of the rising 
of the land are furnished by lines of what are known as " raised beaches." These are 
terraces of sand and gravel, sometimes containing marine shells, which mark old sea- 
margins. They run along the coast in many parts of the British Islands, at heights 
of 25, 40, 70 feet, and more, above the present sea-level, each raised beach or terrace 
indicating a line at which the land on it stood before it reached its present elevation. 
In Plate III. B, figs. 8 and 9, two illustrations of these features are given. Fig. 8 is 
a sketch of a remarkable series of ancient beach-lines near the town of St Andrews 
{Cftambers), Fig. 9 shows, in a sectional form, how such lines of beach remain on a 
sloping surface of land. The highest terrace {a) is of course the oldest, and marks a 
time when the sea stood at that level, or the land was so much lower than it is now. 
The next in descending order is marked i, and shows another line at which the sea 
stood for a long while after the land had risen from b to a. As a rule, the lower ter- 
races are best preserved, inasmuch as they are younger, and have been for a shorter 
time exposed to the tear and wear of the elements. 

Movetnents of Depression, — A slow submergence of the land is seen on the south- 
west coast of Greenland, where ancient buildings are now covered by the sea, and 
where the Moravian settlers have been obliged more than once to move inland the 
poles to which they attach their boats, the old poles remaining beneath the water. 
The most remarkable example, however, of the slow sinking of a wide area of the 
earth's crust is furnished by the coral reefs of the Pacific and Indian Oceans. The 
general character of a coral islet is shown in fig. 6, Plate III. B. As there indicated, 
it consists of a low ring of land, with a sheet of calm water inside, and the wild ocean 
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outside. At one time it was supposed that these remarkable circular islands marked 
the sites of submerged volcanoes. It is now known, however, that they point to a 
slow sinking of the bed of the ocean. The nature of the evidence which they furnish 
is illustrated by fig. 7, Plate III. B, which shows three sections, each of which marks 
a stage in the growth of a coral island. In the first section (A) we see a mass of high 
land rising out of the sea as a mountainous island. Along its margin reefs of coral are 
formed by the coral polypes, and are known as fringing reefs. A slow subsidence of 
this part of the earth's crust is, however, in progress. The island sinks gradually, 
but not too fast to allow the coral reef to be kept up by constant additions to its 
original height. In this way the distance from the reef to the shore of the island 
inside increases, and the reef becomes what is known as a barrier reef (B), The 
downward movement still going on, and the coral polypes continuing to keep their 
building abreast of the waves, the old island at last disappears. On its site there now 
lies an expanse of calm, pale green water, protected by the circle of reef from the open 
ocean outside. This central water is the lagoon. The sea breaking on the reef 
detaches fragments of it, and scatters them over the reef, along with the sand and 
mud produced by the grinding of the fragments. In this way small portions of dry 
ground are formed, which gradually increase until they more or less encircle the 
lagoon. Seeds drifted over the ocean come ashore and take root, and thus arise the 
flat, palm-covered coral islets of the Pacific. The regions in which these coral islands 
occur point, therefore, to wide-spread movements of depression of the crust of the 
earth. They are built, in short, upon the tops of a submerged continent. 

The map (Plate V.) is intended to give a general view of the distribution of 
earthquakes and volcanoes over the globe, and of the areas which are now, or which 
have in comparatively recent geological times been, rising or sinking. It will be seen 
that, on the one hand, earthquakes and movements of upheaval are for the most part 
found in or not far removed from volcanic regions ; while, on the other, the wider 
areas of submergence are distant from these regions. 

PLATE 17.— Geological Map of the British Isles. 

Perhaps no part of the earth's surface comprises within the same extent of area 
so complete an epitome of the structure of the rocky crust of our planet as is to be 
found within the compass of the British Islands. The geological formations which in 
other countries spread out over hundreds and thousands of square leagues, are here 
brought within such narrow limits that a single English county contains within itself 
a greater variety of rocks than can be seen in some whole kingdoms abroad. In this 
way, without quitting his country, a native of Great Britain may often obtain, from an 
examination of the rocks around him, a more correct and vivid conception of the 
nature of geological reasoning, and of the grandeur of geological history, than if he 
travelled for hundreds of miles in some other countries. 

In the map, to which the following pages are appended as a short explanation, it 
will be seen that the colours are arranged without much reference to the ordinary 
ge(^raphical subdivisions, and that they cross counties and mountains and rivers, 
apparently in defiance of all order and symmetry. Each of these colours denotes a 
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distinct geological formation or group of rocks. In order to understand the reason 
why they are placed in such irregular grouping, it may be well to attend to a few 
preliminary explanations. 

In examining what is known as the crust of the earth — that is, the portion of the 
earth which is accessible to our observation, whether at the surface, or in caves, 
quarries, pits, and mines — geologists have found that there are two great classes of 
rocks, one called AQUEOUS or Sedimentary, the other Igneous. Between these 
two divisions there is an intermediate group, known as the Metamorphic, of which 
the affinities are sometimes closest with the aqueous series, and sometimes with the 
igneous. Now it is of these rocks that the crust of the earth is formed, and conse- 
quently it is these same rocks which we have to study when we wish to become 
acquainted with the geological history of the British Isles. 

The Aqueous rocks, as their name denotes, have resulted from the operation of 
water. In short, they are simply sediment which has been collected under water and 
deposited there, layer after layer, just as gravel, sand, and mud are accumulated 
under water in every pool, river, lake, and sea at the present day. The circumstance 
that this deposition has taken place in layers, seams, beds, or strata, according as 
the motion of the currents or the supply of sediment varied, has given rise to the term 
stratifiedy as applied to these successive sheets of different kinds of sediment piled over 
each other. As the ocean covers by far the larger part of the globe, so the sedi- 
mentary accumulations now forming must be chiefly marine, seeing that not only do 
the tides and currents carry out sediment from the shore, but streams and rivers are 
everywhere bearing enormous quantities of sand and mud from the land to the sea. 
So also in past time the greater part of the debris worn away by rains, springs, frosts, 
rivers, and breakers, from the surface of the land, must have been laid down under the sea. 
Hence by far the larger number of the subdivisions into which the aqueous rocks have 
been grouped are of marine origin. In further examining the crust of our planet, we 
find that these aqueous rocks, which were once ordinary gravel, sand, or mud, contain 
the remains of both plants and animals, just as we see similar remains carried down 
by rivers or swept out by tides, and deposited among ordinary sedimentary accumu- 
lations. But as our investigation advances, we begin to perceive that, in the great 
majority of cases, neither the plants nor the animals are quite the same as those which 
live at the present time. And the older the group of aqueous rocks, the further 
removed are their fossils or organic remains from the forms of the living world of 
to-day. Tracing out these differences, we gradually learn that in the rocky crust on 
which we live and move there is a history of life and change ; that from the oldest 
strata preserved to us up through all the others which have been successively piled 
over them, there can be traced an onward and upward progression, race after race of 
plants and animals succeeding each other, approaching nearer and closer to the exist- 
ing types, until at last we reach the present time, where, as the crowning act of the 
long history, Man takes the lead in creation. 

Arranged in order of time, — that is, in the order in which they have successively 
been deposited during the past history of the globe, — the aqueous rocks of the British 
Islands are — 
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Fundamental or Laurentian Gneiss. 



If these various groups and formations had been deposited above each other in 
regular succession, their united mass would have reached a thickness perhaps twice 
as great as the height of the loftiest mountain on the surface of the earth. This of 
course was physically impossible; for if the relative levels of sea and land had 
remained the same, the land would in time have been entirely worn away, the inequa- 
lities in the sea-bed would have been filled up with sediment, and one shoreless ocean 
would have tumbled round the globe. No more sediment could have been brought 
to augment the quantity of that which had been already deposited, and hence the 
total depth of stratified rocks which could have been formed must have been compa- 
ratively limited. Instead of an unbroken sequence, however, the stratified portion of 
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the earth's crust presents numerous proofs of interruption. We see how at one time 
a certain region extended as a wide surface of land ; how in after ages it sank beneath 
the sea, and became covered over with a thick series of marine deposits ; how again 
it rose and received new races of plants and animals, which lived and died on the soil 
that had gathered over the hardened sand and mud of the old sea-bottom, 
wherein shells and corals lay entombed by thousands ; how perhaps the same district 
once more settled down beneath the sea, while a new succession of layers of sand and 
mud, many thousands of feet in thickness, gathered over its submerged forests, until 
finally it reappeared as dry land, and received its present vegetation and inhabitants. 
By this means, while the existing proportions in the distribution of sea and land may 
not have varied much in past time, there has been, nevertheless, a constant interchange 
of land and sea over the surface of the globe, one part sinking beneath the ocean, 
another rising above it. Although, therefore, one unbroken deposition of sedimentary 
rocks has not been going on continually over the whole surface of the globe, there 
has yet been always a deposition in progress somewhere. It is the task of the 
geologist to piece together such fragmentary remains of these scattered strata as 
may have been preserved, to gather up the evidence which they may furnish as to 
the progression of life and of terrestrial change, and thus to arrive at some concep- 
tion of the past history of our planet 

It has just been said that the stratified rocks aiford abundant proofs of interrupted 
succession — that is, they show that a group of strata which was in course of formation 
at the sea-bottom was upheaved, exposed to denudation, worn down to a greater or 
less extent, and at last covered over with another later series of deposits. This 
upheaving of rocks is an important element in the geological economy of nature. It 
points to the existence of an expansive force lodged within the crust of the earth, 
manifesting itself sometimes in the form of slow movements of uprise or depression, 
sometimes in sharp earthquake shocks, and sometimes in the action of volcanoes. 
These subterranean movements are the origin of the second or IGNEOUS group of 
rocks, which include lava, pumice, scoriae, and the other products of an active volcano, 
together with a large number of rocks found in the crust of the earth, and whose 
existence there is to be traced to the ejection of mineral matter from some highly- 
heated source below. 

Metamorphic rocks are strata which have been subjected to a process of change 
within the crust of the earth, whereby they have been altered from the condition of 
sandstones, shales, and other ordinary sedimentary deposits, into hard crystalline 
masses, in which the signs of stratification are more or less effaced. The cause of this 
change or metamorphism is not yet well understood. It can be traced in all stages of 
its progress from common sandstone and shale into greywackd and slate, thence into 
various schists^ as mica-schist, talc-schist, chlorite-schisty according to the mineral compo- 
sition of the rock, thence into gneiss, until at last we reach granite, the most crystalline 
and amorphous of the whole, and apparently the ultimate stage of the process. 
Whatever may have been the origin and mode of this change, it probably went on far 
below the surface ; and in some cases, though possibly not in all, it was accompanied 
by such a degree of heat as fused the rocks below, and injected the molten mass into 
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every crack and fissure into which it could find its way. Hence in some of their 
relations the metamorphic are closely connected with the igneous rocks. Heated 
water, charged with alkaline or other solutions, has perhaps had a large share in the 
process of metamorphism. 

Each of these three classes of rocks is abundantly developed in the British 
Islands.* The stratified class covers, of course, by far the largest extent of surface. 
The igneous group is chiefly developed along the great central valley of Scotland, 
and along the west coast northwards from the basaltic plateau of Antrim. But 
igneous rocks occur also abundantly in other districts, as shown on the Map. They 
appear to be wholly absent, however, from the south-eastern half of England. A line 
drawn from the Yorkshire coast about Scarborough to the mouth of the Severn divides 
the kingdom into two nearly equal parts, whereof that to the north-west contains 
numerous local protrusions of igneous rocks, while that to the south-east shows none. 
The metamorphic series finds its great development in the Highlands of Scotland, 
but it also occupies a considerable space in the north of Ireland. Metamorphism is 
likewise seen round the granite bosses in the Lower Silurian hills of the south of 
Scotland, among the Lower Silurian rocks of Anglesea, among the Devonian rocks 
of Cornwall and Devon, and in the Carboniferous series round the granite of Dartmoor, 

By comparing this Map with an ordinary geographical one of the same region, 
it will be seen that certain formations occur in the mountainous and hilly districts, 
while others arc confined to the lowlands and plains. A little attention to this subject 
will soon show that there is a close connection between the external form of the ground 
and the nature of the rocks underneath the surface. As a general rule, the high parts 
of the country consist of hard rocks belonging to the oldest or palceozoic division, while 
the low grounds lie usually upon soft strata of the later or secondary and tertiary groups. 
The Highlands of Scotland, for example, are made up of hard tough crystalline rocks, 
such as gneiss, mica-schist, quartz-rock, granite, and porphyry. The mountains of 
Wales and Cumberland consist of compact Silurian sand-stones and grits, with thick 
beds of old volcanic lavas and tuffs. In Ireland, too, the Wicklow chain of mountains 
is one of granitic rocks. The great plains of central and south-eastern England, on 
the other hand, lie upon the comparatively soft sandstones, marls, and clays of the 
new red sandstone, oolitic, and eocene formations. 

PLATES VI. to Z.— The Mountaixui and Table-Lands of Enrope, Asia, Africa* 

and America. 

This series of Maps is intended to convey correct information regarding the relief 
of the continents. The /Ajw^?/ position of a place, or its elevation in the atmosphere 
above the level of the sea, is an element of as much importance in regard to its climate, 
health, vegetation, and other circumstances, as its geographical position, or its vicinity 
to, or distance from, the Equator. This information on the physical or natural 

* It has not been deemed desirable to describe here the distribution of the various formations across the 
country, as this is sufficiently indicated upon the Map. The nature of the formations themselves, with their 
characteristic fossils, may be learned from a geological text-l)ook. 
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geography of country cannot be conveyed in an ordinary geographical map, which 
must necessarily contain many names and political divisions, to the exclusion or 
obliteration of purely physical features. The forms of relief on the surface of the globe 
are varied to an almost infinite extent, yet they may be classified according to their 
most prominent characteristics.* 

These are — i. Mountains^ which, disposed in linear chains or scattered in isolated 
groups, extend over the surface of plains and table-lands in every variety of form. 

2, Table-laftds or plateaus — elevations of the surface rising to a considerable height, 
and presenting the form of a table or platform ; and — 

3. Plaifis and valleys^ or lowlands — portions of the surface little or not at all 
raised above the level of the ocean. 

On comparing the great mountain-chains of the different continents, the first 
observation which occurs is, that in the Old World — Europe, Asia, and Africa — they 
follow, in general, the direction of the parallels of latitude, or extend nearly in a direc- 
tion from east to west ; while in the New World, North and South America, the 
principal chains extend in the direction of the meridians, or from north to south. 
And next, that in all cases the table-lands are intimately connected with the mountain- 
ranges — the highest mountains invariably rising, not from plains, but from table-lands. 
The Old World is most remarkable for its mountains and table-lands, and the New 
World for its plains. 

EUROPE, a peninsular prolongation of Asia, of which it forms the western 
portion, presents a surface varying in elevation from the plains of the Netherlands, at 
or below the level of the sea, to the Alps, nearly 16,000 feet above that level. The 
great mass of the Continent is divided into a region of mountains and high lands in 
the south-west, and one of low lands and plains in the north and east. The 
mountainous girdle extends from the Atlantic eastward to the Black Sea, attaining 
its greatest elevation in Mont Blanc^ 15,781 feet above the sea-level, the highest 
point of the Alps and of Western Europcf The Alps constitute the centre of High 
Europe, and form a network of wild and broken ranges, in which are enclosed narrow 
but fertile valleys. The tops of the mountains are covered with perennial snow, and 
from them glaciers descend to the plains. The Apmnines stretch from the southern 
part of the Alps south-east throughout the entire length of Italy, forming a long narrow 
chain from which wide valleys depend. The highest point of the range is the Gran 
Sasso d' Italia, 9543 feet above the sea. The Julian and Dinaric Alps unite the 
Apennines with the Balkan in Turkey and the Pindus range in Greece. The Car- 
pathians extend from the Eastern Alps in a semicircular form, enclosing the plain of 
Hungary on the north and east, terminating in the Transylvanian Mountains in the 
south. The Tatra group in the north rises to 8685 feet above the sea. South-west of 
the Alps the /^r^/^^rj, in which Pic Nethou is 11,168 feet above the sea, form a 
natural barrier between France and Spain, and are continued westward to the Bay of 

* The main features of the hydrography of these continents are noticed in the paragraphs which accompany 
Plate XIL— River Systems. 

+ On the south-eastern verge of Europe, within the political boundary of the Continent, two mountain-peaks 
— Elbruz (18,572) and Kasbck (16,545) — the chief summits of the Caucasus range, are respectively much higher than 
the culminating point of the Alps, but Mont Blanc is the monarch among the mountains of historical Europe. 
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Biscay by the somewhat lower range of the Cantabrian Mountains. The other moun- 
tains of the Spanish peninsula are the sierras of Guadarrama and Estrella, near the 
centre ; Morena, and Nevada, towards the south ; the last is the most elevated range 
in the peninsula, its summit, Mount Mulahacem, being 11,678 feet above the sea. 

The secondary mountains of Central Europe are the Cevennes^ in the south-east 
of France; the mountains of Auvergne, with the volcanic group of Cantal near the 
centre ; the Jura Mountains, between France and Switzerland on the north-east ; the 
Vosges on the west and the Schwarzwald on the east of the Rhine ; the little Carpa- 
thians^ between the rivers Waag and March, in the east ; the Harz, of which the 
Brocken, 3740 feet, is the highest point ; the Erz Gebirge or Ore Mountains, between 
the Elbe and Eger, and the Riesen Gebirge or Giant Mountains, in which Schneekoppe 
(the Snowy Peak) rises to 5254 feet, and the low ranges of the Hundsrtick and the 
Taunus on the north-east and south-west of the Rhine, in Germany. Separated 
from these central groups by the great plain of France, the Netherlands, Den- 
mark, and the North Sea, are the Mountains of Scotland, the culminating point of 
which, and of all Britain, is Ben Nevis, in the Grampians, 4406 feet high ; and Wales, 
in which Snowden, the highest point in South Britain, is 3590 feet above the sea; the 
Alps of Scandinavia, forming a huge barrier of plateaus and mountain-ranges fronting 
the Atlantic on the north-west and the Ural Mountains on the east. The portions of 
mountains covered by perennial snow in Europe are limited to the more elevated 
regions of the Alps, the Scandinavian Mountains, the Pyrenees, and the Sierra 
Nevada. They are indicated by being left white on the brown ground. These mark 
the highest points of a system, the sites of true glaciers, and the sources of important 
rivers. 

The Table-lands are, in Spain, the Plateau of Old Castile and Leon in the 
north, and that of New Castile and Estremadura in the south : the northernmost of 
these is the largest and most elevated in Europe, its average height being 2700, and 
its highest point 4500 feet above the sea. The Plateau of Bavaria forms a terrace 
on the north side of the Alps, divided into two parts by the Lake of Constance. The 
only others are the Plateau of Auvergne^ with Cantal^ in France ; and that of Bohetnia, 
an elevated basin, 960 feet above the sea, nearly surrounded by mountains. 

The great Plains of northern and eastern Europe extend from the Atlantic to 
the Ural Mountains, and from the Caucasus to the Arctic Ocean. So uniform is the 
surface here that the entire space may be traversed without changing the level more 
than a few hundred feet. The Valdai Hills, near the sources of the Volga, iioo feet, 
are the highest parts in the interior. 

The Lowlands of France on the west merge into the Gennanic Plain^ including 
the Netherlands and the plain of Denmark ; and this is extended eastwards through 
Russia by the Sarmatian Plain in the centre, and the plains of the White Sea on the 
north, and those of the Black Sea and the Caspian on the south. 

The Secondary Plains are, in Spain, the basin of the Ebro in the north-east, 
and that of the Guadalquivir in the south-west ; in France, the valley of the Lower 
Rhine ; in Italy, the Plain of Lombardy and the Pontine Marshes ; in Germany, the 
Valley of the Lower Danube, the Hungarian and the Wallachian plains ; and in 
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Scandinavia, the eastern shores of Sweden sloping to the Baltic and the Gulf of 
Bothnia. In Great Britain are the Central Plain^ the valley of the Severn^ and Plain 
of York^ in England ; and Strathnore and the Carse of Falkirk in Scotland. In 
Ireland, the Great Plain occupies the greater part of the interior of the island. 

The general distribution of the CLIMATE of Europe is indicated on the map by 
the annual isotherm of 41** Fahr., and the monthly isotherm for January, and by lines 
tracing the limits of some of the more characteristic trees, grains, and fruits. 

ASIA is the largest of the continents or great divisions of the globe, comprehend- 
ing all the countries of the Eastern Hemisphere east of Europe and Northern Africa. 
A central mass of continent forms nearly four-fifths of the entire area, and from this 
extensive peninsulas project on the east, south, and west. Like Europe, it is divided 
into a vast elevated mountainous region, and a region of valleys or plains, i. The 
table-land of Central Asia forms an upheaved region in the middle of the continent, and 
is crowned by the great wilderness called Gobi or Shamo ; its southern border extends 
from the Indus to the eastern shores of China, supported by the Himalayas, which are 
prolonged eastwards by the Chinese mountains south of the Yang-tse-Kiang. The 
broken eastern descent of the table-land extends from the Yang-tse-Kiang on the south 
to the Amoor on the north; the northern border is girdled by ranges of mountains, 
of which the Altai is the nucleus ; these ranges meeting the Himalaya in the west, form 
the high land of Turkestan, on which rises the Bolor Tagh, called by the natives the 
Roof of the World, the crests of which are supposed to be 19,000 feet above the sea. This 
table-land is crossed in an easterly and westerly direction — first, by the Thian Shan or 
Celestial Mountains, on which is the high peak oi Peshan; second, by the Kuenlun, 
which is extended eastward by the Pe-ling Mountains ; and between these is the plateau 
or high valley of Eastern Turkestan. Between the Kuen-lun and the Himalaya proper 
is the Table-land of Tibet, which appears to be composed of range after range of snow- 
clad mountains, connected with, and not much inferior in elevation to, the Himalayas. 

The mountain systems of the Altai and its offsets separate Mongolia on the south 
from Siberia on the north. Extending north-east from the Altai, the mountains of 
Dauria are prolonged by the Yablonoi Mountains to the Sea of Okhotsk, and the 
Stanovoi and Aldan Mountains stretch north-west and north-east to the arctic circle. 
The Inshan and Khingan ranges form the south-eastern buttress of the plateau of 
Mongolia. 

The table-land of Iran or Persia is connected with that of Central Asia by the 
Hindoo Koosh Mountains: it has an average height of 2500 to 3500 feet, and on its 
north side the Volcano of Demavend in the Elburz range is 18,464 feet in elevation. 
This is joined on the west by the plateau ol Armenia, about 7000 feet high, supporting 
Mount Ararat, on which the ark is supposed to have rested after the Flood, 16,964 feet 
above the sea; and that oi Asia Minor, a mountainous mass with a mean elevation of 
about 3280 feet, on the south side of which are the Taurus Mountains, 9800 feet, and 
Mount Arjish, 12,600 feet above the sea. The Table-land of Arabia appears to have 
a general elevation of 2000 to 4000 feet ; oh the south-east, the mountains are 5000 
feet above the sea-level : a large portion of the interior is an arid desert The Moun- 
tains of Syria and Palestine form a connecting link between the table-land of Arabia 
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and the Taurus ; the highest point of Lebanon has an elevation of io,o6i feet above 
the sea. 

On the north the peninsula of Hindostan is bounded by the Himalayas ; and 
on the south, the Western and Eastern Gftauts^ running parallel with the shores, 
enclose the table-land of the Deccan, which is bounded northwards by the Vindhya 
Mountains. The average elevation of the Himalaya is probably 16,000 to 18,000 feet 
The highest peaks are Dhawalagiri, 26,826 feet ; Kanchinjanja, 28,156 feet; and Mount 
Everest, situated nearly midway between them, 29,002 feet, or 5 J miles, above the sea, 
the highest known point on the surface of the globe. The table-land of the Deccan 
has a mean elevation of 1500 to 2500 feet above the sea, and is covered with isolated 
conical hills rising 2000 feet above the plateau. The MaJtableshwar Hills in the 
Western Ghauts are 4700 feet above the level of the sea : southward in the Neilghcrry 
Hillsy the highest point of the Ghauts is reached in Dodabetta, 8640 feet. In Ceylon, 
Pedrotallagalla is 8280 and Adams' Peak, 7420 feet above the sea. 

The Plains of Asia comprise a large portion of true steppes and deserts, inter- 
spersed with fertile valleys. The Chinese Lowland^ a district of pure alluvium, extends 
from the shores of the Yellow Sea to a great distance inland, and occupies the deltas 
of Yang-tse-Kiang and the Hoang-ho. The plains of Furtfter India include the rich 
valleys on the west of the Gulf of Tonquin, and those of the rivers Mekong, Meinam, 
Saluen, and Irrawady. The Plains of Hindostan comprise, on the east, the valley of 
the Ganges, which, at its mouth in the Bay of Bengal, forms a cluster of marshy islands 
called the Sundarbans. On the west, the Valley of t/te Indus, an alluvial plain, extends 
for many hundred miles without any eminence, except the Salt range of hills near the 
western base of the Himalaya. In the south it is mostly a desert, called the Thar, and 
it contains the remarkable depression of the Runn of Cutch. The lowland of Turan 
and Bucliaria extends from the table-lands of Iran on the south to the Ural Mountains 
and a western branch of the Altai on the north ; its lower portion contains the great 
depression of the Caspian and Aral seas, forming the central part of a great basin of 
Continental drainage^ the largest hollow on the land surface of the globe. The Plains 
and Steppes of Siberia extend from the Ural Mountains on the west to Behring Strait on 
the east, sloping northward from the base of the Altai and the Stanovoi mountains on 
the south to the Arctic Ocean on the north. In the southern regions the surface is 
covered with forests, and has fertile valleys ; in the west the steppes are bare, flat, and 
undulating ; and in the north, bordering on the Frozen Ocean, it is a trackless wilder- 
ness, with numerous salt lakes and marshy flats, called Tundras^ the soil of which is 
permanently frozen to a depth of several hundred feet. 

The Lowlands of Syria and Arabia are in the south dry and stony deserts, but 
the lower courses of the Tigris and Euphrates in the north are rich and fertile. In the 
south of Palestine, the Dead Sea is the deepest and most remarkable depression on 
the face of the globe, its surface being 1298 feet below the Mediterranean. 

A7BICA, the south-western extension of the mainland of the Old World, 
may be regarded as an immense peninsula of the European and Asiatic continent, 
separated from it naturally by the Mediterranean and Red Seas, and artificially by 
the Canal of Suez, which has been cut through the narrow connecting isthmus. 
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Unlike the chief continent, in which the mountains and highlands are grouped near 
the centre and ramify outwards to form long peninsulas, with deep bays between, the 
main features of Africa resolve themselves into one vast highland plateau in the east 
and south, and a great lower region in the north-west ; the land is compact in form, 
the shores are rounded and deficient even in river entrances, and the coast islands are 
few. 

The whole of Africa south of the loth parallel of N. latitude, so far as it is known, 
is a continuous highland, rivalling that of Asia in extent, though not in elevation. 
Off the north-east it runs out to form the vast wedge-shaped plateau of Abyssinia, 
which is again prolonged by lesser elevations as far as the Isthmus of Suez. The 
eastward side of the African highland is the highest part of the continent, and 
its fall towards the Indian Ocean is abrupt and steep, whilst the slope is more 
gradual towards the Atlantic. Some of the highest mountains of the continent stand 
close to the eastern vdrge of the plateau. From Jebel Attaka, immediately west of 
Suez (2640 feet), the rise of the eastern side begins. About midway in the African 
coast of the Red Sea, Mounts Elba and Soturba each attain an elevation of over 6000 
feet. Near the apex of the Abyssinian wedge Mount Abba Jared rises to 15,000 feet, 
and Ras Detschen to 15,986 feet, and the whole line of the plateau edge facing the 
lowland which skirts the Red Sea is higher than 70QO feet. Towards the equator, 
still on the verge of the highland, are Mounts Kenia (18,000) and Kilimanjaro (18,700 
feet), each snow-clad at its summit, and in their neighbourhood stand many less known 
but possibly higher peaks or *' Doenyos," as the isolated summits in this region 
are named. The active volcano called the Njemsi Mountain has frequently been 
reported in this region. Continuing southward, the eastern edge becomes the 
Rubeho Mountains, a range which is crossed by the travellers from Zanzibar 
towards the lake region, and is known again where it walls in the great lake Nyassa 
as the range of the Njesa Mountains. Nearer the Zambezi it is marked by Mount 
Zomba, 7000 feet ; Mount Milanje, 8000 feet ; and Mount Clarendon, 6000 feet above 
the sea. The valleys of the Zambezi and Limpopo rivers form the only considerable 
break in the continuity of the edge, but between these it is still marked by the mountains 
of the South African gold region, where Mount Matoppo is 7200 feet in elevation. The 
plateau again approaches more nearly to the coast in the cliffs of the Drakenberg or 
Quathlamba, on the slopes of which lies the colony of Natal. Cathkin Peak, near the 
middle of these heights, is 10,380 feet above the sea. The inmost and highest ridge of 
terraces which form the Cape Colony is the direct continuation of the Quathlamba, and 
Compass Berg, at the south-eastern curve, is 8500 feet high. Westward this inner edge 
decreases in elevation in the parts of it which are known ^s the Nieuweveld and Rog- 
geveld. The crests of the two outer and lower terraces pass round the Cape Colony 
in lines parallel to the coast. Table Mountain, a well-known flat-topped height (3550 
feet), is an isolated granite mass, overhanging Cape Town, and forming the nucleus 
of the peninsula which extends to the Cape of Good Hope. 

The western side of the South African plateau is generally much lower than the 

eastern, is not so abrupt in its descent, and is broken through by many rivers, the 

chief of which are the Orange, Cunene, Coanza, Congo, and Ogowai (pronounced 

E 
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Ogowee), but it still forms a well-marked edge, generally parallel to the coast-line. 
Among the more prominent portions of this side are the mountains of Namaqua and 
Damara Lands; Mount Omatako, in the latter region, attains 8800 feet The more 
broken serras and terraces of Benguela and Angola are also of considerable elevation ; 
rapids and cataracts mark the passage of the rivers from the plateau to the lower land 
bordering the sea. Towards the equator the edge is again more distinctly marked, and, 
near the Ogowai River, Mount N'Kumu Nabuali is reported to have an elevation of 
upwards of 12,000 feet. Several active volcanic mountains of great elevation are also 
reported in this neighbourhood, though these have not yet been seen by any European. 
The terminal point of the edge, on this side of the continent, is marked by the volcanic 
knot of the Cameroon Mountains, 13,700 feet high, rising in a peninsula nearly detached 
from the north-western corner of the plateau. 

The north-facing side of the vast plateau is the least known, but is believed, 
nevertheless, to form a distinct and perhaps prominent line,, since the rivers, flowing 
from its supposed place, have the character of great mountain streams, rising and 
falling rapidly at different seasons. Mounts Alantika, 9000 feet, and Mindif, 6000 
feet, discovered by the traveller Barth, south of Lake Chad, appear to be outliers 
of the plateau. Eastward this edge is shown in the heights which narrow the Nile 
Valley, and cause the cataracts above Gondokoro, and, further still, it joins into the 
inner slope of the Abyssinian plateau, turning with it to northward. 

Among the more prominent elevations of the South African plateau, within the 
limits just described, are the Blue Mountains, which rise on the western side of the 
Albert N'yanza to an elevation of about 10,000 feet ; these are believed to be continued 
southward to near the third parallel of S. latitude, in the great highland of Ulegga, 
mentioned by Speke, Baker, and Livingstone, which again joins into the known moun- 
tains which separate the head of the Tanganyika from the Albert Lake, and which 
rise in Mount Mfumbiro to 10,000 feet This line of heights, taken in its connec- 
tion with the high plateau land of Unyamuezi, south of the Victoria Lake, is the 
most important water-parting of the continent, since it certainly limits the Nile basin 
in the south, and contains its long-sought sources. The ridge which divides between 
the Tanganyika and Nyassa Lakes, called by Livingstone the Lobisa plateau, extends 
also round the head lakes of the Chambeze (or Congo). In this part it was named 
the Serra Muchinga or Maxenga by the Portuguese travellers who first crossed it, and 
its extension north-westward forms the Kone Mountains of Livingstone. Almost in 
the same latitude the ramifying knot of the Mossamba Mountains has the sources of 
rivers flowing to all parts of the compass. Elsewhere the plateau has a more uniform 
surface, of a general altitude perhaps not exceeding 3000 feet 

Beyond the northward slope of the great southern plateau, almost the whole of 
the remaining portion of Africa stretches in a great lower land, of a general elevation 
of perhaps less than 1000 feet to the Mediterranean. On the south-west it has a 
higher margin, formed by the mountains of Kong, which rise from 2000 to 3000 feet, 
and extend parallel to the coast-line from near the mouth of the Niger to the Gambia, 
and supply the main tributaries of the former river. On the north-east, also, there is 
a highland named the plateau of Barbary, which extends through Marocco, Algeria, 
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and Tunis, enclosed between a double range of mountains. In its western portion, 
where the outer ranges draw together, the elevation of the plateau of Barbary is 
very considerable, and its summit, Jebel Miltsin, attains the height of 11,400 feet. 
By far the greater part of the northern lower land is occupied by the vast region of 
the Sahara, characterised by great belts of sand-hills, and by wide stony plains ; 
though scattered between these are higher mountain-knots with rich vegetation, and 
deep *' wadis," or "oases," — the beds of periodical streams which carry with them lines 
of the highest fertility. Some of the most important of these wadis descend from 
the inner slopes of the plateau of Barbary. 

Two areas of depression beneath the sea-level are known in the African continent, 
aiid form a remarkable feature in its relief. The most considerable of these is in the 
Lybian desert, extending from near the lower valley of the Nile to the great Syrtis 
westward, only separated from the Mediterranean by the belt of high ground of 
which the small plateau, of Barca is the chief elevation ; the interior extent of this 
depression is unknown, but it may well be compared with that of the Caspian Sea in 
Asia, and is in some parts from 100 to 150 feet beneath the sea-level. The triangular 
space enclosed between the steep eastern slope of the plateau of Abyssinia and the 
Red Sea coast is also an area of depression, and includes a number of salt lakes, one of 
which (Lake Assal) is believed to be not less than 600 feet below the Red Sea. Mount 
Artali, in this depressed region, is one of the few known active volcanoes of Africa. 

Africa is the only one of the continents of the globe which has a large extent of 
land on each side of the equator, and upon its surface, therefore, are marked more 
clearly than in any other part of the world those natural landscape belts which result 
from the unequal distribution of heat and moisture in different latitudes. The central 
portion, extending for several degrees on each side of the equator, in the region of 
frequent tropical rains and great heat, is characterised by dense forests, intertwined 
with the most luxuriant and rank vegetation. To north and south of this are corre- 
sponding belts of less wooded park-like country, merging into pasture-land and 
almost treeless grass countries. These pasture-belts gradually change as the dry, 
almost rainless, regions of the Sahara in the north, and of the Kalahari desert in the 
south, are approached, and in these, sandy and stony waste lands are characteristic. 
Beyond the deserts again, where the moisture from the Mediterranean, and from the 
Atlantic southward, is carried inland, the coast slopes of the plateau of Barbary and 
those of the Cape colonies, corresponding, are fertile lands, either pastural or 

cultivated. 

VOETH AMEBICA comprises all that portion of the American continent north 
of the Isthmus of Panama ; its area is more than twice that of Europe, and more than 
one-sixth of all the dry land of the globe. Its axis of elevation is on its western side, 
whence its surface slopes to the east, north, and south-east. A vast series of table- 
lands, more than 3000 feet in mean elevation above the sea, forms a broad irregular 
belt on the Pacific side, extending from Behring Strait to the Caribbean Sea. Along 
the western edge of this plateau, from the territory of Alaska to the peninsula of 
Lower California, stretches the Oceanic Mountain chain, parallel to the Pacific At 
its northern extremity are the volcanic peaks of St Elias and Fairweather, rising to 
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nearly 15,000 feet. South of this the Sea Alps are succeeded by the Cascade Range, 
where Mount Baker is 11,000 or 12,000 feet. Mount St Helens 9750, Mount Hood 
11,225, diTid Mount Shasta Butte 14,440 feet above the sea. Between the parallels 
of 35** and 40" the Coast Range and the Sierra Nevada enclose the fertile 
gold-producing valley of California in the basins of the Sacramento and Joaquim 
rivers. Several peaks of the Sierra Nevada attain a height of 10,000 feet Mount 
Dana is 13,000 feet above the sea. South of this the mountains are prolonged 
through the Sierra de Santa Lucia (in which Mount Whitney is 15,000 feet high) to 
the peninsula of Lower California. 

The Rocky Mountain chain, the eastern side of the plateau, forms the principal 
watershed of the continent, all the waters west of this flowing to the Pacific, and all 
east to the Arctic and Atlantic Oceans. It comprises two, and in some places three, 
distinct ranges of high mountain-crests, table-lands, and valleys. The main chain 
forms a waving line curving along the eastern part of the table-land ; it is not continu- 
ous, but broken by deep passes, and the leading ridges often overlap each other. Its 
easternmost range contains mountain-peaks rising 16,700 feet above the sea. North of 
the River Platte, the Wind River Mountains, the highest of the chain, rise in Fremont's 
Peak to 13,750 feet. This lofty axis separates the head-waters of the Missouri, 
flowing to the Atlantic, from those of the Columbia, which flow westward to the 
Pacific Ocean. North of the Wind River chain, the eastern range, near the sources 
of the Saskatchewan, rises in Mount Hooker to 16,750 feet, Mount Murchison to 
15,789 feet, and Mount Brown to 16,000 feet above the sea. From this point the 
mountains of the eastern range decline northwards to the Arctic Ocean. South of the 
Wind River Mountains the eastern ridge is marked by Union Peak ; Lon^s Peak 
14,056 feet; and Jameis Peak and Pike's Peak 14,216 feet; and continued southward 
to the Cordillera of Coahuela and Potosi, forming the eastern edge of the Mexican 
table-land. Its western ridges are the Sierras Verde, Mimbres, and Madre, enclosing 
on this side the Table-land of Mexico or Anahuac, which has an elevation of from 
6000 to 9000 feet above the sea. The plateau is in some places traversed by well- 
defined ridges, but in others it is unbroken either by hills or depressions. The City 
of Mexico is 7460 feet above the sea, and on the south-eastern and loftiest side of 
the table-land the volcano of Popocatepetl, the highest point of the Mexican system, 
is 17,783 feet high. East of this is the volcano of Orizaba, 17,879 feet above the sea. 
The Volcanic Range of Guatemala comprises a great number of volcanic peaks, rising 
from a table-land about 5000 feet above the sea : of these, Agua, 13,200 feet in eleva- 
tion, is verdant to the summit Immediately west of it the volcano of Fuego is 
13,000 feet high. 

Between the Rocky Mountains on the east and the coast-chain and Sierra Nevada 
on the west there extends, from the Gulf of California to the Arctic Ocean, a high 
desert zone, which in its central regions, between lat. 35° and 45° N. in the Great Basin 
of Utah, IS from 4000 to 5000 feet above the sea. This region is nearly rainless, and 
comprises wide plains encrusted with salt. It contains twelve or fifteen saline lakes, 
the largest of which is the Great Salt Lake of Utah, 4210 feet above the sea. 

The Mountains of Veragua are upwards of 5000 feet above the sea level, and the 
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Isthmus of Panama is about 850 feet in mean elevation, but the Pacific Railway crosses 
at a height of only 262 feet above the sea. 

The Appalachian or Atlantic Mountain System (Alleghanies), on the east, is the 
only counterpoise to the vast mountain-mass on the west side of the continent. It 
embraces the entire range of high lands extending from the Gulf of St Lawrence to 
Georgia, about 2000 miles in length, and 150 to 200 miles in breadth. It is composed 
of many parallel ridges, with crests reaching to 6700 feet, their bases resting on a 
plateau, the mean elevation of which is 2500 feet above the sea. At the south end 
of the Blue Ridge, Black Dome is 6707 feet high. 

The Great Central Plain of North America extends northward from the Gulf of 
Mexico to the Arctic Ocean, between the Rocky Mountains and the Appalachian chain. 
It is a vast region of plains, slopes, and table-lands, watered by many great rivers, and 
indented by large lakes; on the west it forms a region of dry elevated steppes 
or table-lands, and on the east a wider and lower tract of hills and rolling plains 
generally well watered. Near the middle of the plain a broad gentle swell of the 
land crosses the continent from the coast of Labrador, north of Lake Superior, west- 
south-east towards the Pacific coast. In the Missabay Heights^ west of Lake Superior, 
it is 1500 feet above the sea, and divides the waters flowing north to Hudson Bay, 
from those which flow south to the Gulf of Mexico. 

The Atlantic Slope stretches from the Gulf of St Lawrence to the Gulf of Mexico, 
narrow in the north, but expanding southwards to 200 miles in width from Virginia 
to the southern end of the Alleghanies ; its greatest height is about 1000 feet, near the 
sources of the Roanoke. The Atlantic Plain, or seaboard belt of the Atlantic slope, 
is nowhere more than 100 feet above the level of the sea ; in the south-west its seaward 
portion is swampy and overflowed. This lower plain continues along the shores of 
the Gulf of Mexico, the peninsula of Yucatan, and the shores of Honduras, terminat- 
ing in the valley of the San Juan and the Lake of Nicaragua. 

The continent of North America comprises a broad forest zone extending from 
Alaska in the north-west to the Alleghanies in the south-east, a narrow zone of forests 
on the Pacific coast, and an almost treeless region extending from the Pacific-coast 
mountains to the Mississippi. The northern limit of trees cuts the north of Labrador, 
and passes north of Great Slave Lake. North of this is the Arctic treeless region. On 
the map are marked the northern limits of the growth of wheat, and of the wine-yield- 
ing vine, as well as the annual isothermals of 40°, 50**, and 60° Fahrenheit. 

In SOUTH AMEBICA, as in the northern portion of the continent, the elevated 
axis is on the west or Pacific side, where the great mountain-system of the Andes 
stretches, through 65** of latitude, from Cape Horn to the Isthmus of Panama, with 
a breadth of 40 to 400 miles. The centre of the continent is occupied by the immense 
plains of the Amazon, the Plata, and the Orinoco ; and in the east are the separate 
mountain-systems of Parim6 and those of Brazil. The Cordillera or Great Chain of 
the Andes is divided, according to the countries which it traverses, into five principal 
sections or groups : (i.) The Aftdes of Quito, extending from lat. 5** S. to the Isthmus 
of Panama in lat 8** N. In this-division more of the giant mountains are congregated 
than in any other part of the chain. On the east side the snow-clad summit of 
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fotsCy occzzx.^ by the lake of Thfcaci, I2.ii- -*«^ abcre the sea. In the western 
chain are the Xcvsjfa cc (Jxi-lirinl 2 : .96: fe;^ : S^iawu^ -i^^4 icct ; the volcano of 
Arequipa^ a regular ccze. Da^JX: feet; ir^i the Xfrada cc Cnq^tihimbA, 21,000 feet 
ar^A-e the sea The eastern r^^\T^ cr the C^rrlz^Ur^ Rczl^ tj^s a mean devation of 
ift/xo fett. In it rises the Nevada c< I^.^wli^ with an elevatioa of 21.338 feet, the 
k/vest glaciers oa the Dorthera sace cf which do not descend below 16,500 feet 
Xorth-wcst of this is the Nevada de Ssmii^ cr A ca - ^eajc j , the most elevated of all 
this snow-capped range, perhaps the highest point of the American continent, 
24,812 feet- (4,j The AmJes cf CkiU extend trotn lat. 21* to 42" Su running for a con- 
siderable extent in a single ridge of about 30 miles in breadth. The mean elevation 
of the chain is about 12,000 feet, but se\^eral serrated peaks rise to a much greater 
elevation. Visible from the port of Va'paraiso rises the giant of the Chilean Andes, 
the peak of Aconcagua^ 22421 feet above the sea-IeveL Inland from this, near the 
capital of Chile, is the Nevada of Tufungatc^ 20,269 feet. There appear to be five 
active volcanic vents in the southern prolongation of the Andes of Chile — ^viz. 
Maypu, Chilian^ Antuco^ Villa Rica^ and Oscrm, ^5.) The Paiagoniam Andes com- 
mence at the Strait of Magellan, and run north to lat 42^ with an ele\-ation of 3000 
to 8000 feet above the sea. Their summits are covered with perennial snow, whence 
glaciers descend almost to the sea- shore. The chief of these snowy mountains are 
Osornc^ 7550 feet above the sea ; YanUles, 8030; Melimoyu^ 7400 ; and Stokes, 6400 
feet. Under the parallel of lat 20'' S. the snow-Une rises to 18,500 feet; in lat 26° 
30" it \% 13,800 feet, and on the parallel of Valdivia it sinks to 8300 feet 

The Mountain^System of Parimi forms a plateau between the Orinoco^ the Rio 
Negro, and the Amazon ; the principal chains run in a direction generally from east 
t^'i wtAt Near the centre the sierra Pacaraima is 7000 feet, and on the west. Mount 
Maravaca is 10,500 feet above the sea-leveL 

The Mountains of Brazil form a vast isolated plateau bet«'een the Amazon, the 
Madeira, the Paraguay, and the Plata rivers. In the south the Serra do Mar or coast- 
range, forms the south-east edge of the plateau. This, with the Serra des Oragos, or 
OxyiflLti Mountains (so named from the resemblance of their peaks to the tubes of an 
or^an), a^mposc the so-called Brazilian Andes. Proceeding northward, the other 
chief rangcft arc the Serra do Espinhafo, Serra Timba^ Serra Tabatinga, and Serra 
Irmaoi. The Cordillera Grande and the Serra Santa Martha divide the waters of the 
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Uraguay and the Tocantins, and a high ridge south of the Orinoco separates Brazil 
from Venezuela. The highest points of the Organ Mountains reach an elevation of 
7500 feet, and Mount Itambe is 5755 feet above the sea-level. South of this the Serra 
de Piedade is 5830 feet, and Itacolumi 5750 feet in elevation. Immediately within the 
coast-range, the Sertao^ or table-land of Brazil, rises by several gradations to the cen- 
tral plateau, the mean height of which is estimated at from 2500 to 3000 feet. 

The Plains of South America comprise the principal and several subordinate 
divisions, (i.) The Llanos ox Plains of the Orinoco^ between the mountains of Brazil 
on the east and the chain of Suma Paz on the west. These plains are perfectly level, 
and at a distance of 450 miles from the sea-coast the surface is only 192 feet above 
the sea. From their peculiar position, encompassed by mountains, within the torrid 
zone, they are, during one-half the year, desolate sandy wastes, while during the 
other half, after the rainy season, they are covered with luxuriant grass. (2.) The 
Atlantic Slope^ the Valleys of the Amazon and of the Rio de la Plata, All the large 
rivers of South America flow eastward to the Atlantic Ocean, indicating the slope of 
the surface in this direction. The valley of the Amazon, the largest river-basin in the 
world, is situated partly in the northern, but mostly in the southern hemisphere. Its 
climate forms a striking contrast to that of the Orinoco, for it is copiously watered at 
all seasons, supporting a luxuriant vegetation, and its humid plains are occupied by 
impenetrable forests, the growth of a thousand years. 

The Valley of the Rio de la Plata consists chiefly of two immense plains, the 
northern watered by the Salado, Vermejo, Pilcomayo, &c., and the southern compris- 
ing nearly all the pampas of Buenos Ayres — a vast plain, covered for the greater part 
with rich pasturage and gigantic thistles, interspersed with saline lakes. 

The Patagonian Steppe is composed of a series of terraces east of the Andes, 
covered with marine shells, clay, earth, and gravel : these terrace-slopes are arid and 
sterile. 

The Pacific Slope is a narrow belt between the chain of the Andes and the ocean, 
from 50 to 100 miles in breadth. In the south it comprises the moist shores and 
islands of Patagonia, in Chile the fertile provinces of Talca, San Fernando, and Con- 
ception, and from lat. 30** to lat. 10° S. the rainless district of Peru. Its fertile valleys 
are generally separated by long deserts of sand. 

PLATE XL— Ocean Cnrrents and Ootidal Lines. 
I.— OCEAN CURRENTS. 

A constant and universal circulation is taking place in the waters of the ocean, 
and this movement, besides being essential to the preservation of uniformity in the 
component parts of the sea, is one of the most powerful agents in the distribution of 
temperature and moisture over the globe. In the most comprehensive sense, this 
circulation is believed to be due to, and to be sustained by, difference of temperature — 
the first movement being given by the action of cold near the polar regions of the globe 
upon the waters in these parts, increasing their specific gravity, and causing them to 
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descend and flow over the ocean-bed towards the Equator as an under stratum. 
Such an underflow involves, as its necessary complement, a movement of the upper 
stratum, bearing with it the warmth of equatorial and temperate seas towards the 
Poles. Thb theory appears to be the only one which will account for the presence of 
glacially cold water in the deepest parts of the ocean, in the temperate and equatorial 
regions, as observed by the thermometer ; and the theory seems to be confirmed by 
the fact, that in enclosed seas such as the Mediterranean, which have but a narrow 
and shallow opening to the ocean, and can thus have no communication with the 
Polar Seas, the temperature of the waters, at depths corresponding to those found in 
the ocean in the same latitude, is higher, and the deepest waters have a temperature 
which approximates very closely to that of the crust of the earth in that r^on.* 

Whilst this thermal circulation constitutes the grandest movement of the whole 
ocean, and takes place at a constant and uniform, though slow, rate of progression, 
there are a number of more superficial and rapid movements of the sea-surface grafted 
on to, and merging into, the greater circulation, which form the better known and 
more apparent currents of the sea. These more sensible, and more or less constant 
currents, which play an important part in the navigation of the sea, are graphically 
shown in their general direction and extent upon the accompanying chart Their 
presence is due to a number of causes besides that which has been indicated, and 
which act either separately, or more frequently, in combination one with another. 
Looking at the chart, it is observed that in each of the great oceans there are west- 
ward flowing currents on each side of the Equator. These are believed to have their 
prime moving force in the rotation of the earth, the inertia of the waters tending to 
leave them behind in the turning of the earth from west to east ; but besides this, 
they have a powerful aid to their motion in the trade winds. Where a continent inter- 
venes as a barrier to the westward movement of these currents — the waters are pressed 
against its shores, and tend to escape by the most ready way. The most prominent 
examples of such escape currents are the Gulf Stream of the Atlantic, which is 
driven with great force out of the Gulf of Mexico by the pressure into that enclosed 
sea of the Equatorial currents ; the Japan Current ol the Pacific, and the Mozambique 
Current of the Indian Ocean. The two former of these currents are aided after their 
escape, and carried on to higher latitudes, by the anti-trade or prevailing south-west 
winds of the regions into which they flow. ^Once set in motion, these currents give 
rise to another class of streams which follow to supply the place of the waters which 
have changed their position, and to maintain the equilibrium of the Ocean surface. 
Such compensation currents, the peculiarity of which is that they are drawn from in 
front, not pushed on from behind, are the streams which flow from the Southern Ocean- 
to the Atlantic, the Indian Ocean, and the Pacific, as the South Atlantic Current of the 
West African Coast, the West Australian Current, and the Peruvian Curreftt^ though 
each of these after its first outset is aided in its movement by the south-easterly trade- 
wind. The counter currents^ which are found between the Equatorial streams, may be 
considered as purely compensational currents, as may also the currents which, moving 

• See "Report on Scientific Researches carried on during 1871, in H.M.S. * Shearwater,* " by Dr Carpenter. 
—Proceedings of Royal Society, Na 138. 
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at a slower rate, and generally in the direction of a prevailing wind, connect the more 
marked and decided ocean streams. The most remarkable examples of currents flowing 
in diametrically opposite directions side by side are found among these Equatorial 
streams ; the best known is perhaps that of the Guinea or counter Equatorial current 
of the Atlantic, where it approaches the south Equatorial stream in the Gulf of Guinea. 
The strong current which flows round Cape Horn is perhaps the best example of a 
constant stream which has its origin in a prevailing wind. 

Admitting the probability of the theory that the prime mover of the great oceanic 
thermal circulation is the action of cold on the waters bordering the Polar circles, causing 
these to descend to the bottom of the ocean, we should not expect to find any consider- 
able surface outflow of water from the Polar regions ; yet the cold surface currents which 
flow out of both Polar areas, but more especially those from the land-locked Arctic 
r^ion, have the most important bearing upon the climate of the regions with which they 
come in contact. These ice-bearing currents, known in the southern region as the 
Antarctic drifty and in the northern hemisphere as the East Greenland znd the Labrador 
streams^ must then be considered as the overflow of water rendered specifically lighter or 
fresher than the general mass of the ocean by the melting of ice and snow at the 
margins of the frozen regions surrounding the Poles, their floating power being main- 
tained by the gradual reduction of the icebergs and drift ice which they transport 
into milder climates. The Labrador current may also be considered as in part a com- 
pensation current to the Gulf stream,which flows in a directly opposite direction towards 
the Arctic basin. Along the line of meeting of cold and warm currents, and where 
these interlace, fogs most frequently arise ; the best known are those of the New- 
foundland Bank. Periodical currents^ due solely to the action of a particular wind, 
before which they are drifted, are most prominently developed in the monsoon region 
of the Indian Ocean and the China Seas, and frequently attain great strength where 
the waters are hemmed in between the East India Islands. Among these barriers 
their direction is twisted and turned by the form of the coasts, but the general movement 
is with the wind to northward with the monsoons blowing from the south (from March 
to September), and to southward before the winds from the north (from September to 
March). 

The rate of motion of the ocean currents is very different in separate parts of the 
same stream, and the rate at special points may vary considerably at different seasons. 
The highest observed rates have been found in parts of the currents which are com- 
pressed by some peculiar formation of the land which compels their direction ; thus a 
movement of upwards of lOO miles a day has been recorded in the Gulf stream, where 
it rushes through the narrows of Florida, and in the Mozambique current at Cape 
Corrientes, but it does not seem probable that any current in the open ocean attains 
a rate of more than 60 miles a day, and this has only been noticed at exceptional 
times in the strong equatorial streams ; the average rate of the chief currents may, 
perhaps, be taken at i S miles a day, whilst some of the drifts which prolong these 
have a scarcely perceptible movement. 

The effect of the ocean circulation in ameliorating climate is nowhere more 

strikingly exemplified than in the European coasts, where the warm south-westerly 

F 
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flow from the temperate regions of the Atlantic, in the line of the Gulf stream, keeps 
the harbours of the British Isles, and of Norway, to its most northerly point, free of 
ice throughout the year ; nor can the adverse power of the polar surface streams be 
better shown than by contrasting this coast with that of the opposite side of the 
Atlantic, which is blocked with ice throughout the year, in latitudes south of that of 
the British Isles. 

II.— COTIDAL LINES. 

The observed connection between the successive risings of the waters of the sea 
on all coasts, and the meridian passage of the moon, has established the belief that 
the moon is the cause of these risings called tides. The attraction of this body acts 
most strongly on those parts of the ocean which are more immediately beneath her, 
and tends to draw up the waters and raise a tidal wave at each meridian which £s 
successively passed in her course, forming, at the same time, a secondary or lower 
tidal wave in the opposite hemisphere. 

The sun also acts in the same manner, though with less force than the moon, 
owing to its greater distance, and modifies the form of the ridge produced by the 
moon*s attraction. When the sun and moon are in the meridian together, or in direct 
opposition, their combined action produces the higher tides, known as spring tides, 
which happen after new and full moon. Again, when sun and moon are 90 d^rees 
apart, relatively to the earth, their attractions tend to neutralise one another, and neap 
tides, or the lowest tides, occur, after the first and third quarters of the moon. 

A cotidal line is one drawn through all adjacent parts of the ocean which have 
high water at the same time, and on the map these have been drawn at intervals of 
one hour. The line for any hour may be considered as representing the summit or 
ridge of the tidal wave at that time, or that protuberance of water upon the surface 
of the ocean, which moves along the seas, and, by its motion, brings high-water and 
low-water to any point at the time when the elevated and the depressed parts of the 
watery surface reach that place. The cotidal lines for successive hours represent the 
changing positions of the summit of this wave. If we suppose a spectator detached 
from the earth to perceive the summit of the wave, he will see it travelling round the 
earth, in the open ocean, once in every twenty-four hours, accompanied by another at 
twelve hours distance from it. If the whole surface of the terrestrial globe were 
uniformly covered with water, the tides would be governed by the moon and sun only, 
and high-water at every place in the same latitude would follow the transit of the 
moon, at the same interval of time, and the wave would travel with very great velocity. 
The interposition of land continents, the unequal depth of the sea, the presence of 
arms of the sea, bays, and estuaries, of islands and island groups on the actual surface 
of the globe, however, interrupt and greatly diminish the movement of the tidal waves, 
and give rise to the irregular form of the cotidal lines, and to the frequent meetings 
of the tidal waves from opposite directions, as, for example, in the narrow seas which 
surround the British Isles. These interrupting lands also give rise to great variations 
in the velocity with which the tidal wave travels in different parts of the ocean. 
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Since the ridge of high-water moves from the position of one cotidal line to 
another in an hour, the velocity of its movement may be estimated from the map ; 
where, as in the Atlantic and Pacific Oceans, the hour lines are perhaps ten degrees of 
latitude apart, the rate of movement must rise to about 700 miles an hour, whilst, in 
the English Channel, its progress is limited to about 30 miles. On the other hand, 
the magnitude of the tide is generally less in the open ocean than in enclosed seas, 
and the greatest tides and tidal currents occur where waves converge in a channel 
narrowed by the surrounding land, and where, from the gradually shelving nature of 
the sea-bed, the tidal wave, advancing through the entire depth of the ocean, is forced 
gradually upwards by the wedge-shaped surface over which it moves. Such a forma- 
tion causes the phenomenon known as the bore^ when, during spring tides, after a low 
ebb, the tidal wave advances up the sloping and narrowing passage with great rapidity. 
Remarkable examples of this phenomenon are known in the Runn of Cutch in India, 
in the Bay of Fundy, and in the mouth of the Amazons in America ; nearer home 
in the Solway Firth and the Bristol Channel* 

PLATE XII.— River Systems. 

In this map, the land surface of the globe has been marked out and coloured to 
show the great river systems which belong to each chief division of the ocean, and to 
indicate the great areas of continental or interior drainage, from which no water 
returns directly to the sea. Thus the pink colour shows the area of land, the rivers 
of which flow to the Atlantic ; the blue the drainage to the Arctic Sea ; the yellow 
to the Pacific ; and the green to the Indian Ocean. Areas of continental drainage 
between these are coloured purple. 

Since the great mountain regions of the world which form the chief water-partings 
— such as the Rocky Mountains and the Andes in America, the mountains of China, 
of India and Persia, and of eastern Africa — rise uniformly nearer to the coasts of 
the Pacific and Indian Oceans than to those of the other seas, it follows that the 
longer slopes and the great plains of the continents lie towards the opposite side. 
Hence it is that the area of drainage to the Atlantic and Arctic Seas, as shown in the 
following table, is double that of the steeper slopes which fall to the Pacific and Indian 
Oceans, and that almost every one of the great rivers and fresh-water lakes of the world 
are found in the former systems. To these belong the Mackenzie River, the basin of 
which forms the chief part of the Arctic drainage of America ; the Nelson to Hudson 
Bay ; the St Lawrence^ Mississippi^ Amazons^ and Parana flowing more directly to the 
Atlantic. In the old world, belonging to the same systems, are the Congo^ rising in 
the newly-discovered lake chain near the eastern side of Africa ; the Niger ; the Nile, 
from the equatorial African lakes ; the Danube and Rhine in Europe ; and the great 
rivers of Siberia forming the Arctic drainage of Asia, the Obi, Yenisei, Lena, Indigirka, 
and Kolima, In the narrower belt of land which falls to the opposite seas, the chief 
rivers are the Zambezi in Africa ; the Euphrates, Indus, Ganges, and Brahmaputra, 

* See Philosophical Transactions, 1833. Rev. W. Whewell, M.A., F.R.S., &c.,on "An approximation to a 
map of cotidal lines." 
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and the Irrawadi in southern Asia ; with the Murray river in Australia, flowing to the 
Indian Ocean. The Mekong^ Canton River^ Yangtse^ Hoang Ho^ and Amur in eastern 
Asia ; the Columbia and Colorado in North America, are the main streams which flow 
to the Pacific. The little streams which reach the Pacific from the steep western side 
of South America, contrasted with the mighty rivers which flow over its gentle slope 
to the Atlantic, give an extreme type of the two great ocean systems. 

Areas of interior drainage are distributed over the whole of the continents, and 
are found centering in those drier regions, which, either from their remoteness from 
the oceans which supply moisture to the rain-bringing winds, or from their physical 
position — it may be screened from rain by an intervening chain of mountains which 
exhausts the rainfall on its sea-facing side — have not a sufficient deposition of moisture 
within them to form rivers large enough to resist the evaporation in the dry region 
through which they must pass to reach the sea. The terminal point of continental 
rivers is generally an inland sea or lake, the waters of which have become salt through 
the gradual accumulation of saline particles brought to it by its feeders. In these 
lakes a more or less perfect balance has been arrived at between evaporation and river 
supply, and the uniform extent of the lake is thus maintained. The continental basin 
of Asia, of which the Caspian^ the Sea of Aral^ Lake Balkask, and Lake Lob are the 
central points, is the largest of all, and the Volga is the greatest river of any interior 
basin. In Africa there are two extensive continental basins, of which Lake Chad^ in 
the north, and Lake Ngami, in the south, are the centres. The whole of Central 
Australia may be considered as a continental basin, having its representative salt lakes 
in Lakes Eyre and Torrens. A basin of interior drainage surrounds the great Salt 
Lake of North America. Mexico and the Argentine Republic of South America 
have also continental basins. 

The areas of the river systems belonging to each of the oceans, and of the 
continental basins, have been estimated as follows* : — 

Square Miles. 

Area draining to the Atlantic Ocean . . . 19,050,000 

„ „ Arctic Ocean .... 7,500,000 



Drainage area of the gentler slopes of the continents 26,550^000 



Area draining to the Pacific Ocean .... 8,660,000 

„ „ Indian Ocean .... 6,300,000 



Drainage area of the steeper slopes of the continents 14,960^000 



United areas of continental drainage . . 10,673,000 

The size of a river may be variously estimated by the measurement of its length 
from source to mouth along its windings, by the extent of its collecting basin, by the 
volume of water which it discharges to the sea at its mouth, or by the extent of 
navigable channel which it affords. But there can be no one satisfactory standard of 
comparison, since two rivers which have the same length may differ very much in the 
extent of their tributaries ; or two rivers which have basins of the same area may be 

* From Keith Johnston's Handbook of Physical Geography. 
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Sq. Miles. 




Amazon 


2,200,000 


St. Lawrence 


Obi . . . 


1,295,000 


Yenisei 


Parana and Paraguay 


1,250,000 


Amur 


Mississippi 


1,235,000 


Yangtse . 


Nile 


1,100,000 (?) 





situated, the one in a dry, the other in a moist region, in which case the volumes of 
water collected by each will differ exceedingly. In every respect, however, the 
Amazon, which has been called the " Mediterranean of South America," is the 
greatest river of the globe, affording a water-way from the Atlantic to the very base 
of the Andes. The great rivers which come next to it, in the order of the extent of 
their basins, are given in the following table : — 

Sq. Miles- 

1 ,099,000 

896,000 

870,000 

845,000 

The chief fresh water lakes of the globe, arranged in the order of the systems to 

which they belong, may be compared as follows, in extent and elevation above the 

sea : — 

I.— Arctic System. 

Great Slave Lake, Mackenzie R. 
Great Bear Lake 
U Zaizan, in the basin of the Obi 
L. Baikal, Yenisei basin 

2.— Atlantic System. 

L. Winnipeg, Nelson R. 

L Superior, St Lawrence R. 

L. Michigan, 

L. Huron 

L. Erie 

L. Ontario 

L. Nicaragua, S. Juan R., Cent Amer. 

L. Maracaybo, Venezuela . 

L. Tsana or Dembea, Blue Nile, Abyssinia 

Victoria Nyanza, Upper Nile 

Albert Nyanza „ 

L. Bangweolo, Upper Congo R. 

L. of Geneva, R. Rhine 

L. Constance, R. Rhine 

L. Onega, R. Neva 

L. Ladoga „ 

L. Wetter, R. Motala, Sweden 

L. Wener, R. Gotha, „ 

L. Neagh, R. Bann, the largest in the British Isles 

3.— Pacific Ocean. 

L. Lanquihue, S. Chili 
Tulare Lake, R. Sacramento, California 
L. Hinka, R. Amur . . ' . 

L. Toongting, R. Yangtse, China . 
Thale Sab, R. Mekong, Cambodia 
L. Nyassa, Zambezi, N. Africa 

The lakes of continental basins are almost invariably salt or brackish where they 
have no outlet to another lake in the same basin ; though there are some exceptions 
tp this rule. Among the chief are, — 



)» 



>» 



i> 



!l 



Area in sq. miles. 


Height in feet. 


10,800 


400 (?) 


7,000 


250 


1,500 


1,918 


I3»30O 


1,280 


9,000 


628 


32,000 


627 


22,400 


578 


22,000 


578 


11,000 


565 


6,300 


231 


7,170 


130 


7,800 


near sea level. 


1,360 


6,270 


30,000 (?) , 


3,740 (?) 


25,000 (?) . 


2,500 


6,000 (?) . 


4,000 


221 


1,230 


183 . 


1,290 


3400 


237 


7,150 


49 


7H 


290 


2,015 


M3 


154 . 


48 


320 


172 


550 


398 


1,550 


2,000 (?) 


2,340 


200 (.?) 


1,100 


5o(?) 


8,500 


1,522 



The Caspian Sea 
Sea of Aral . 



178,866 
26,940 



84 (below sea) 
26 (above) 
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L. Balknsh, Central Asia 

Issyk-Kul „ 

h, Sistan, Persia 

L. Van, Armenia 

L. Urumiah ,} • • • 

Dead Sea, Palestine 

L. Chad, Soudan (fresh) 

L. Tanganyika, Cent. Africa (fresh) 

L. Ngami, S. Africa 

Salt Lake of Utah, Wn. N. America 

L. Titicaca, Bolivian plateau 

L. Eyre, S. Australia 





Area in sq. miles. 


Height in feet. 


11,500 


700 Q) 




2,466 


4480 




900 


1,545 




1,413 


5465 




1,730 


4,000 . 




495 


1,298 (below) 




14,500 


830 (?) 




10,400 


2,880 




300 


2,800 




1,630 


4,210 




3,200 


12,846 




4,000 (?) . 


70 



PLATES Xm, XIV.— HydrograpMc ISap of the British Isles. 

The inland waters of the British Isles distribute themselves naturally, according 
to the cardinal points, into Northern, Eastern, Southern, and Western systems. The 
boundaries of these systems, the great water-partings of the islands, are shown on the 
map by strong red lines, while the minor divisions of these systems into river-basins 
are indicated by lighter lines of the same colour. The lengths and drainage areas of 
all rivers whose basin exceeds 400 square miles are given on the map.* 

The elongated form of the island of Great Britain, in the direction from north to 
south, causes the line dividing the eastward from the westward flowing waters to be 
the most important in the island ; and since the more elevated parts of the land are 
in the west, this line, following the highest ground, lies uniformly nearer to the west 
coast than the east. In Ireland the main water-parting is that which runs from north- 
west to south-west in a curve approaching the east coast in its centre, showing that, 
contrary to the case of Great Britain, the greater drainage of the land is to the west- 
ward. More than one-half of the area of Britain is drained to the eastward, and 
nearly one-half of the area of Ireland to the westward. 

The following table gives the areas of the different systems of the British Isles 
in English square miles : — 



England, 

Scotland (Mainland), . 

Great Britain, 

Ireland, 


Northern. 


Southern. 


Western. 


Eastern. 


... 
1,120 
1,120 
4,800 


7,306 
2,700 
7,306 
6,800 


21,255 

7,637 
31,592 
15,750 


29,759 
15,356 

45,"5 
5,150 


British Isles, . 


5,920 


14,106 


47,342 


50,265 



From this table it will be seen that the Southern system of England is very small in 
comparison with its Western and Eastern systems, being only one-third of the former 

• The lengtlis of the rivers and areas of the river-basins of England given have been taken from the ** Plan of 
the Catchment Basins of the Rivers of England and Wales," published at the Ordnance Survey Office in 1861. 
Those for Scotland and Ireland are the results of a careful series of original measurements from large-scale maps. 
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and one-fourth of the latter in area ; and that the smallest system of all in the islands 
is that of the north of Scotland, whose extent is only a fortieth part of that of the 
greatest, the Eastern system of Britain. 

If Scotland be considered by itself, separately from England, it may be said to 
have a southern drainage system of 2700 square miles in extent to the Irish Sea ; but 
if taken in connection with England, as forming with it the island of Great Britain, 
this area must be looked upon as a part of the Western drainage system of the island. 
The Northern, Southern, and Eastern systems of Ireland are of nearly equal size, and 
the three taken together form an area not much greater than that of the Western 
system. 

The Eastern system of Great Britain, included within the water-parting line which 
runs from Duncansby Head, on the north-east, to near Dover, on the south-east, and 
occupying more than one-half of the area of the island, embraces most of the larger 
rivers of Britain, and discharges its waters to the North Sea. Eleven of the river- 
basins of this system have an area of upwards of 1000 square miles, and are those of 
the Spey, Tay, and Tweed, in North Britain ; and of the Tyne, Ouse, Humber, Trent, 
Witham, Nen, Great Ouse, and Thames in South Britain — the last-named, the 
Thames, being the greatest river of the British Isles, and draining an area of 5162 
square miles. 

The Western system of Great Britain, stretching from Cape Wrath to Land's End, 
and draining to the Atlantic and the Irish Sea, has but four river-basins of greater 
extent than 1000 square miles, these being the Clyde in Scotland, and the Mersey, 
Wye, and Severn in England. The northern part of this system has no rivers, properly 
so called, but is drained by numerous streams, which rise with rain and fall with dry 
weather; but in the south of it, the Severn, with its basin of 4437 square miles, is the 
third river of the British Isles. 

The Southern system of Britain is a narrow strip of land extending between 
Dover and Land's End, draining to the English Channel, and having no great rivers 
— the largest basin, that of the Avon, being only 666 square miles in extent. 

The Northern system in Britain is one of streams alone ; the largest, the Naver, 
having a basin of only 200 square miles. 

The Southern, Western, and Northern systems of Ireland send their waters to the 
Atlantic. The Eastern system drains to the Irish Sea. 

The Western system of Ireland, like the Eastern of Britain, embraces about 
one-half of the area of the island. The water-parting bounding it runs from Bloody 
Foreland, in the north-west, to Mizen Head, in the south-west, including three river- 
basins of upwards of 1000 square miles in area — those of the Erne, Galway, and 
Shannon ; the last is the largest river of Ireland, and the second of the British Isles, 
draining an area of 4590 square miles. The water-parting of the Southern system of 
Irish rivers runs inland to near the centre of Ireland, round the head-waters of the 
Barrow, its largest river, and meets the coast at Carnsore Point on the east, and Mizen 
Head on the west. Besides the Barrow, the Blackwater is the only other river of 
this system with a basin of more than 1000 square miles. 

The Eastern system of Ireland extends in a narrow strip from Fair Head, on the 
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north, to Carnsore Point, in the south. Its only river-basin of above looo square miles 
in area is that of the Boyne. 

Almost the entire area of the Northern system of Ireland which lies between Fair 
Head and Bloody Foreland is occupied by the rivers Bann and Foyle, each of which 
drains an area of upwards of lOOO square miles. 

In the order of the extent of their basins, the rivers which drain an area of 
upwards of lOOO square miles stand as follows : — 





Sq. miles. 








Sq. miles 


I. Thames, . 


5162 


13. Wye, .... 1655 


2. Shannon, 


4590 


14. Blackwater, . 






1300 


3. Severn, . 


4437 


15. Spey, . 






1245 


4. Ouse, 


4207 


16. H umber. 






1229 


5. Trent, . . . . 


3972 


17. Galway, 






1 1 72 


6. Barrow, . 


3517 


18. Clyde, . ' 






1 145 


7. Great Ouse, . 


2894 


19. Foyle, . 






1090 


8. Bann, . . . . 


2265 


20. Nen, 






1055 


9, Tay, . . . . 


2090 


21. Tyne, 






IQ53 


la Tweed, . . . . 


1990 


22. Witham, 






1052 


11. Mersey, . . . . 


1706 


23. Boyne, . 






1046 


12. Erne, . . . . 


1660 











The contour lines, on the map are of 250, 500, 750, and 1000 feet, and have been 
worked out chiefly from the books of the Ordnance Spirit-Levelling Survey. Though 
they can only be said to be an approximation to the truth, yet they give a much more 
accurate representation of the elevation of the land than can be obtained by any system 
of hill-shading. 

From these lines an estimate may be made of the elevation of the source and the 
average rapidity of fall of any river, by observing its passage from one height to 
another. If the contours approach closely to one another in a river-course, its fall is 
most probably rapid, and the river unfit for purposes of navigation ; but if, on the 
contrary, the lines be far apart, and at equal distances from each other, we may 
predicate that the river has a gentle descent to the sea. 

The blue tints representing the rainfall have been obtained by taking the mean 
of the rainfall, as given in Mr Symons's reports* for the five years from 1863 to 1867 
inclusive, of nearly 500 stations in the British Isles. The figures thus found were set 
down on large-scale maps, and lines were drawn through the places which have the 
same average rainfall, whilst keeping in view the general fact that a greater elevation 
gives a greater rainfall. 

From these tints it is evident that the western parts of the islands receive the 
greatest amount of rain. This may be due to two causes — first, to the prevalence of 
rain bringing south-west winds ; and second, and perhaps chiefly to this, that the 
western parts of the islands are generally of greater elevation than the eastern. 

The part of the British Islands which shows the least rainfall is that strip of the 
east coast which lies between the mouth of the Humber and the Wash, the rainfall 
there being under 20 inches. A small portion of the north coast of Elginshire has 
also, perhaps, this minimum of rainfall. 
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Almost the whole of eastern England has a rainfall of from 20 to 25 inches — the 
Downs in the south and the Wealds in the north being the exceptions ; but only some 
small patches of the east coast of Scotland have this minimum rainfall, and the fall 
in all parts of Ireland seems to be greater than this. 

The line of 30 inches of rainfall runs as far back as the Welsh boundary in Mid- 
England, but is carried eastwards again by the Pennine chain and the Cheviots, and 
includes only the east coast of Scotland, though brought considerably inland by the 
valley of the Tweed, the low land between the rivers Forth and Clyde, and Strathmore 
of the Tay Basin. 

The lowest rainfall in Ireland, as far as has yet been ascertained, is from 25 to 30 
inches on the lower parts of the south-east and east coasts. The central plain of 
Ireland lies entirely within the lines of 30 to 35 inches of fall. The lines of 35 to 45 
inches and above are confined to the higher parts of west and south-west England, and 
the Pennine chain in the north, but include the great mass of Scotland and the whole 
of Ireland, excepting the central plain and the east coast. The observing stations on 
the west coasts and in the hilly regions are not sufficiently numerous to enable the 
lines of greater rainfall to be drawn on the Map ; but it is most probable that these 
lines would be found to follow the same law which holds good in the other parts of the 
islands, of increase with greater elevation and proximity to the western coasts. 

The maximum observed rainfall seems to be that noted at Seathwaite, in the 
Cumberland mountains, which, in the mean of the five years from 1863 to 1867, has a 
fall of 140 inches; but many of the higher parts of the west of England, Scotland, 
and Ireland have doubtless a rainfall of more than 100 inches. 

PLATE ZV.— Bain and Snow. 

Rain is distributed very unequally over the globe. In general it is most abundant 
in those regions where evaporation is carried on most rapidly ; but there are striking 
exceptions to this rule, for in many places, even near the tropics, it seldom or never 
rains. These almost rainless districts comprise vast regions, nearly devoid of vegeta- 
tion. On the contrary, there are regions where rain falls almost incessantly, and 
where, consequently, vegation is rank and abundant. The zone of greatest precipita- 
tion is situated on the north of the Equator, and corresponds with the zone of " the 
variables'' in Plate XVII. Within this belt, on the west coast of Africa, the average 
annual quantity is 189 inches. Rain is in general most abundant near the Equator, 
and the quantity decreases, irregularly, with the decrease of heat, as we approach the 
polar regions. Within the tropics the rains follow the apparent movement of the sun ; 
thus countries lying towards the tropic of Cancer have their rainy seasons in the 
summer of the northern hemisphere, those lying near the southern tropic, during our 
winter; and since the sun passes the Equator twice during the year, there is a double 
rainy season along the line. The average annual fall within the tropics is 95 inches, 
and within the temperate zone, 34 inches. This is shown graphically in the diagram 
(** Increa.se of Rain with Heat ") at the foot of the Plate. The diagram of " Decrease 

of Rain with Distance from Coasts,'* illustrates a general law occasioned by the greater 

G 



50 DESCRIPTION OF THE PLATES. 

amount of vapour that arises from the sea than from the land. In the temperate zone 
of both hemispheres, the western coasts are proportionally more moist than the eastern, 
because they are exposed to the prevailing westerly currents of air, which, passing 
over the ocean, are highly impregnated with moisture. Within the tropics, the eastern 
coasts, especially in America, are more moist than the western, from their exposure to 
the trade winds. In certain districts more rain falls in one season than another : these 
are distinguished on the Map as the summer, winter, and autumn rains. The almost 
rainless areas of the globe are due to the drying of the winds which reach these regions, 
either from their passing from a colder to a warmer zone, as in the case of the Sahara, 
or from their having expended their moisture on the margins of the continents, as in 
Central Asia and the great basin of North America. 

Snow never falls within or near the tropical regions at the level of the sea. The 
red lines on the Map show that the deposition of moisture in this form is, in the 
northern hemisphere, limited to the regions north of India, the Mediterranean, and the 
Gulf of Mexico ; while in the southern hemisphere it does not approach nearer the 
Equator than the south of Australia, the Cape Colony, and Patagonia. But in tropical 
and sub-tropical regions snow falls on mountains where, owing to elevation above the 
sea, the temperature is reduced to the freezing point ; as in the Himalayas in Asia, 
Mounts Kenia and Kilimandjaro in Eastern Africa, and the Andes of South America. 
The fall of snow increases with the decrease of temperature, in proceeding from the 
equatorial towards the polar regions. In Europe this decrease occurs in the following 
order: — Rome has ij snowy days in each winter, Venice sh Milan lo, Paris 12, 
Carlsruhe 26, Copenhagen 30, and St Petersburg 171. The actual elevation of the snow 
line — the line of perennial congelation — or the lowest point on a mountain at which 
snow is never entirely melted, in the different zones, is shown in the diagram on the 
left of the Map, and on an enlarged scale in Plates XVIIT. and XIX. 

PLATE XVI.— dimatology*— Isothennal Lines. 

The distribution of the sun's heat over the surface of the globe is here rendered 
perceptible to the eye by lines drawn through all places having the same mean annual 
temperature. These lines are called isotliermals^ and their deviation from parallelism 
with the Equator shows that latitude, or distance from the equator (or from the more 
direct power of the sun) alone, gives little indication of the temperature of any par- 
ticular place, since many causes unite to disturb their arrangement. 

The mean annual temperature of the more important places on the globe is stated 
in figures on the larger Map. The Map of Central Europe shows by red and blue 
figures the summer and winter temperatures of the principal meteorological stations, 
while that of the British Islands presents the three elements of sumnier, winter, and 
mean annual temperatures. If these places were connected by lines, the first would be 
called isotkeral, the second isochimenal, and the third isothermal lines. July is, on an 
average, the hottest, and January the coldest, month of the year in the northern 

* See Buchan's " Handy Book of Meteorology," 2d Edition, Edinburgh, 1868, where the whole subject of 
Climatology is treated of in an interesting and lucid manner. 



WINDS AND STORMS. 5 1 

hemisphere, these conditions lieing reversed in the southern. The mean annual 
temperature occurs in April and October in the north temperate zone. On each side 
of the meridian of 30° west, the extreme temperature of summer and winter (July and 
January), for the latitude, is stated in red figures for summer, and blue for winter. A 
remarkable example of the disturbance of the latitudinal arrangement of the 
isotherms occurs on the west coast of Europe, where the warm water of the Gulf 
Stream has the effect of carrying the lines many degrees north of their normal 
position, whilst they are pushed southward by the cold currents of the American coast, 
so that London enjoys an average temperature of 51° whilst places on the American 
coast in the same latitude have that of the freezing point. A climate is called an 
insular or sea climate where the difference of mean temperature is very small, or where 
the winter is milder and the summer cooler than the average ; and a continental climate 
where the difference of mean temperature is very great, or where the winter is very 
cold and the summer very hot. Thus the differences between the summer and winter 
temperature of a country increase with distance from the sea. Europe has a true 
insular climate — a mild winter and a cool summer. Northern and Central Asia have 
a true continental climate — a cold winter and a hot summer; while North America 
has more of a continental climate in winter, and a sea climate in summer. The hottest 
locality on the globe is in northern Central Africa (shaded red on the Map), where 
the temperature of July is 90° Fahr. ; and the coldest in Siberia (shaded blue on the 
Map), where the temperature of January is 40° below the freezing point of Fahr. scale. 
The cold region of Siberia has no corresponding region of equal cold in America. 

If the globe be divided at the meridian of 20° W., we find that the eastern portion, 
which has the largest mass of land, is colder than the western, and that the difference 
diminishes as we approach the Equator. The temperature of the whole globe is believed 
to increase 8° Fahr. from January to July ; a mean between these months gives, as 
the mean temperature of the globe, 58° Fahr. The mean temperature for the northern 
hemisphere is 60° Fahr., and the mean for the southern hemisphere 56° Fahr. The 
great quantity of rain which falls in the northern hemisphere is probably one cause of 
its higher temperature, while, in the southern hemisphere, the influence of the sun's 
rays is expended to a great degree in the melting of masses of ice, or in evaporation 
from the surface of the ocean. 

PLATE XVn., Winds and Storms, 

presents a graphic representation of the principal phenomena of the winds over the 
globe. Near the centre is the great equatorial belt of calms and variable winds and 
storms, corresponding to the zone of constant rain in Plate XV., and on the north and 
south of the trade-wind region, the narrower belts of the calms of Cancer and Capricorn. 
The region of the Trade or passage winds, called Vents alizes by the French, extends 
to about 30** on each side of the Equator, and beyond these are the regions of the 
south-westerly and north-westerly currents of air. The Indian Ocean is the chief 
region of the Moftsoon winds (from the Arabic "Mausim," an epoch or season), 
included within which is the district of the Typlwons, or storms peculiar to the China 
Sea. But monsoons, or monsoon-like winds, prevail to a limited extent in various 
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parts of the globe, as on the shores of Brazil, Chile, Peru, Mexico, and the west and 
north coasts of Africa, indicated by the red colour on the chart. The Red Sea and 
the Persian Gulf, not being affected by monsoon winds, are left white. 

The diagrams at the foot of the Plate are devoted to an explanation of the 
Hurricanes of the West Indies and the Indian Ocean, and of the varying limits of the 
trade-winds in the Atlantic, according to the different seasons of the year. The 
hurricanes of the Indian Ocean and of the West Indies, and the typhoons of the 
China Sea, appear to be subjected to peculiar and fixed laws for each hemisphere, 
both as regards their movements of translation and their rotatory movements. These 
tempests originate between the Equator and the tropics during winter, when the 
regularity of the trade-winds is interrupted, or during the change of the monsoons. 
They obey a double movement — the one of translation or progress, and the other of a 
gyratory or rotatory kind. On the north of the Equator the rotatory movement is 
from right to left^ while on the south of the Equator it is reversed, or passes from left 
to rights as shown on the Plate. The movement of translation takes the form of a 
parabolic curve, the summit of which is towards the west. In the northern hemisphere 
this curve forms a tangent to the meridian about lat. 30°, and in the southern hemi- 
sphere about lat. 26**, corresponding with the northern and southern limits of the trade- 
winds. In the Indian Ocean, these storms uniformly come from the eastward, and 
travel to the westward and southward, as shown in the chart of the Rodriguez hurri- 
cane. The West Indian hurricanes commence near the Leeward Islands, travel to the 
W.N.W., and then round the shores of the Gulf of Mexico, following the course of 
the Gulf stream, and are lost in the Atlantic between the Bermudas and Halifax. 
The chart in the left corner of the Plate shows the dates of occurrence, and the 
courses, of some of the most important of these storms. The rate of progress of a 
hurricane varies in different parts of its course ; that of the Rodriguez storm has been 
calculated at from 220 to 230 miles a-day at first, diminishing, as it approaches the 
tropics, to about 50 miles a-day. 

The districts subject to local storms are marked in the Map as the Sirocco in the 
Levant, the Simoom in Arabia, the Khamsin in north-east and the Harmattan in 
south-west Africa, these being different names for the hot winds which blow out from 
the deserts of the Sahara at various seasons, the Pamperos^ sudden gusts of S.W. 
wind in South America, the Nortlters or cold blasts of N. wind in Mexico, and the 
Hot Winds in Australia. 

PLATE ZVm.— Vegetable Life. 

The plants of any particular region are the exponents of its climate: certain 
plants will grow spontaneously only within certain districts or zones, the boundaries 
of which are dependent on the amount of heat and moisture which such zones receive 
in the course of the year. Hence we find that trees, grain, and shrubs range them- 
selves on the globe according to lines of equal mean summer and equal winter 
temperature : the lines of summer temperature, for example, indicate precisely the 
limits of the possible cultivation of annual plants. Nor is the knowledge of the 
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capabilities of a country for producing plants less important with reference to its 
population. Comparing Naples with Norway, for example, we find that the effect of 
climate is such as to render the harvest five times more productive in the former than 
in the latter place : while, in consequence, the population is twenty-five times more 
dense, in proportion to its area, in Naples than in Norway. 

The object of this Map is, by dividing the whole earth according to its peculiar 
flora into certain climates of vegetation, to present at one view the distribution of the 
most useful and valuable wild and cultivated plants. Each of the plant-climates is 
characterised by certain trees, grains, and fruits, the number and variety of which 
increase as we approach the Equator, and decrease towards the polar regions, where 
their only representative are a few mosses and grasses. Rice, which supports the 
greatest number of the human family, is chiefly confined to the tropical regions of 
Asia and America. Wheat requires a mean annual temperature of 37** or 39° Fahr., 
and a mean summer temperature of 56® to 58° at least. Maize extends to lat. 40** N. 
and S. in America, and to lat 50° or 52° N. in Europe; barley to lat. 70° N. in 
Norway ; rye to lat. 6^''^ and oats to lat. 65° N. Since heat decreases as we ascend 
into the atmosphere, so mountains situated between the tropics, the summits of which 
rise above the snow-line, represent the vegetable zones of the whole earth, rising one 
above the other vertically in the same order as they observe in a horizontal direction 
from the Equator to the Poles, on plains. This is explained by the colours on the 
diagram at the bottom of the Plate, on which also is represented the actual ascertained 
limits of the snow-line in different latitudes. In the Himalaya this will be observed 
to be 19,000 feet on the north, while it is only 15,500 feet on the south side — an 
anomaly which has been considered due to the radiation of heat from the high land of 
Tibet, but which is more probably owing to the greater quantity of snow which falls 
on the southern than on the northern slopes of the mountains. 

PLATE XIX.— Axiimal Life. 

Animals, like plants, are adapted to special climatic conditions ; like them, also, 
they are subjected to invariable laws. Each zone, or region of climate, is occupied by 
some species of animals peculiar to itself, beyond the limits of which they will not 
range if left to their natural freedom. A group of animals embracing all the species 
both terrestrial and aquatic, inhabiting any particular region, is called a Fauna^ in the 
same way as the plants of any particular country constitute its Flora, In this Map 
the faunas of the two hemispheres are distributed in three principal divisions — namely, 
the Tropical, Temperate, and Arctic faunas, each of which is characterised by peculiar 
species of animals. These, like plants, attain their highest development within the 
torrid zone, which is distinguished not only by the great variety, but by the size 
strength, and beauty of its animal formations. The mean density of species inhabiting, 
the different zones of the earth strikingly proves this. The proportion is estimated 
thus : in the tropical region, 26 species ; in the north-temperate, 9 ; and in the arctic, 
only 7 of the whole. In proportion as they recede from the Equator, so the covering 
of animals loses its brilliancy of colour, until, in the polar regions, all animals, whether 
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marine or terrestrial, assume a nearly uniform and sombre hue. From a comparison 
of this with the preceding Map, it will appear that the nature of their food has an 
important bearing on the distribution and the grouping of animals, those of the herbi- 
vorous kind being more or less limited to particular vegetable zones, while, since the 
food of carnivorous animals is everywhere present, their range is, in this respect, much 
less confined, the absence of animal life itself being the only restriction. 

The diagram at the foot of the Plate represents the distribution of animals in a 
vertical direction, showing, as in the case of plants, that those nearest the level of the 
sea correspond with those of the torrid zone; while, on approaching the snow-line 
near the tops of mountains, the animals are similar to those of the arctic zone. 

PLATE ZX.— Baces of lian. 

The geographical distribution of man is different from that of all other organic 
beings: his constitution renders him more cosmopolite, while, from the superior 
structure of his physical frame, as well as his mental endowments, he is less subject to 
the influence of external circumstances than any of the inferior animals : hence he is 
found, although not in equally favourable circumstances, in every locality over the 
globe, under every climate, and at every degree of altitude to which organic life 
extends. All the various races of man existing on the globe have originated from 
one species, but distinct races have been known to exist since the earliest dawn of 
history and tradition. The principal Map exhibits the distribution of the leading 
races of man, as existing at the present time, the localities of which are explained by 
the reference figures and colours. 

The Ethnographic Map of Europe presents a more minute sub-division of these 
races in this quarter of the world. It distinguishes by colours three great varieties 
of the Caucasian division — the Teutonic, the Celtic, and the Sclavonian. The sub- 
varieties have different shades of these fundamental colours ; and wherever there has 
been a crossing of these varieties, it is indicated by a mixed tint. The diagram in 
the right corner of the Plate explains, by means of the scale of feet, the height above 
the level of the sea of inhabited places in different countries. Coloured lines and a 
scale placed near the meridian of 20° W. on the upper Map, indicate the prevailing 
kinds of food used by the inhabitants of the different zones. Thus within the tropics 
the principal food of the human family is derived from the vegetable kingdom ; 
beyond the tropics, north and south, a mixed animal and vegetable diet is used ; while 
north of the Arctic circle the food of man is derived entirely from the animal kingdom. 
A faint line passing through Greenland and the north of Asia points out the northern 
limit of permanent habitation ; the corresponding line in the southern hemisphere 
passes south of Cape Horn and Tasmania. 
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OPINION'S OF THE PBESS. 



Athensdimi. 

Under the name of The Royal Atlas of Modem Oeography, Mesna Blackwood and Sons have published 
a book of maps, which, for care of drawing and beauty of execution, a|)pear8 to leave nothi^ more to hope 
for or desire. Science and art have done their beet upon this magnificent book. Mr A. £ith Johnston 
answers for the engraving and printing : to those who love clear forms and delicate bold type we need say 
no more. All that maps should be, uicse maps are ; honest, accurate, intelligible suides to narrative or 
description. A very aood feature is the Index of Names attached to each plate, with the easy mechanical 
arrangement of lines Dy which any i)articular name that may be sought is at once found on the map. Of 
the many noble atlases prepared by Mr Johnston and published by Messrs Blackwood and Sons, this Koyal 
Atlas will bo the most usenil to the public, and will deserve to be the most popular. 

Examiner. 

There has not, we believe, been produced for general public use a bo<^ of maps equal in beauty and 

completeness to the Eoyid Atlas just issued by Mr A. K. Johnston In beauty and clearness 

of engravinff it has never been surpassed ; and the fulness of information in such maps as the &ye repre- 
senting theUnited Eongdom, or the two representing Indi% ia marveUoua. 



KEITH JOHNSTON'S ROYAL ATLAS. 



OPINIONS OF THE PRESS— CbnWnoei. 

The Xlmea 

No one can look through Hr Keith Johnston's Atlas without seeing that it is the best which has 
ever been published in this countir. To those who have a mean idea of our British map-makers perha]^ 
this is not saying much. Let us therefore add that the new Atlas takes away from us a reproach, and is 
worthy of a place beside the best of the Continental ones. It is a fit successor to that other production of 
Mr Johnstoirs, the Physical AtkUy which is quite unique among such works for beauty of execution and 
richness of information. In the present volume, we have, at a dutige of five and a half guineas, about fifty 
most carefully prepared and highly finished maps, together with a special index to each, containing all the 
names that appear in it. The pricey therefore, of these remarkably accurate and beautiful maps is no more 
than 2s. for each— a fabulous sum, if we consider the amount of work which they contain. 

Saturday Beview. 

The completion of Mr Keith Johnston's Soyal AUaa qf Modem Otography claims a special notice at 
our hands. While Mr Johnston's maps are certainly unsurpassed by any for legibility and uniformity of 
dnwin^, as well as for accuracy and judicious selection, this eminent geographers Atlas has a distinguish- 
ing merit in the fact that each map is accompanied by a special index of remarkable fulness. The labour 
and trouble of reference are in this way induced to a minimum. .... The number of places 
enumerated in the separate indices is enormous. We believe, indeed, that eveiy name which appears in 
the maps is reffistereid in the tables ; and as each place is indicated by two letters, which refer to the 
squares formed oy the parallels of latitude and longitude, the method of using the index is extremely easy 
and conyenient. .... We know no series of maps which we can more warmly recommend. The 
accuracy, wherever we have attempted to put it to the test, is really astonidiing. 

Qnaidiaxi. 

This is, beyond question, the most splendid and luxurious, as well as the most useful and complete, 
of all existing atlases. To a habitual consnlter of maps (which eveiy reader of history and every man of 
science ought to be) there can hardly be a greater luxury than these l>eautiful sheets, which it is a pleasure 
for the ^e to travel over, and upon which a vast quantity of the finest and most delicate work represents 
a more than corresiionding mass of various information. In one lar^e but not cumbrous folio volume Mr 
Keith Johnston has ^ven us as perfect an atlas as can well be desired, embracing tiie results of all the 
most recent discoveries in every part of the world, as well as most of the territorial changes that have 

lately occurred in Europe A close examination of several different parts of Europe which are 

very familiar to us, satisfies us of the remarkable accuracy with which the work is done ; it is very rarely 
that we miss even a new road, where, according to the scale of the map^ a road should have been given. 

Scotsman. 

To go over the maps seriaUm, noticing additions and improvements, would be tedious and somewhat 
unprofitable. An almost daily reference to, and comparison of it with others, since the publication of the 
First Part some two years ago until now, enables us to say, without the slightest hesitation, that this is 
by far the most complete and authentic atlas that has yet oeen issued. In the whole of that time we failed 
to detect more than two or three errors, and these were so very trifling that we have forgotten what they 
wereb 



In One Volume^ Imperial Octavo, pp. 680, price 21s. 

INDEX OEOORAPHICUS: 

BEIKO A LIST. ALPHABETICALLT ABBAVOED. OF THB PBIKCIPAL PLACES ON THE GLOBE, 

WITH THB COUNTRIES AND SUBDIVISIONS OF THE COUNTRIES IN WHICH 

THEY ABE SITUATED, AND THEIB LATITUDES AND LONGITUDES. 

COMPILED SPBCIALLT WITH REFERINCE TO KXTTH JOHNSTON'S BOTAL ATLAH, 
BUT APPLICABLE TO ALL MODERN ATLASES AND MAPS. 

In the preparation of this work, two objects have been specially kept in view : the first, to render it as 
completely as possible an Index of easy reference to the ' Koyid Atliw ;' and the second, to make it avail- 
able not only for other Atlases, but to a ^peat degree as a substitute for a Gazetteer. 

In carryinsr out the first of these objects, care has been taken to secure insertion of every name that 
occurs in tiiie * Koyal Atlas, which contains a larger number of positions than can be found in anv similar 
work hitherto published. The original references to the Ma]^ of tiiat Atlas by means of Letters designat- 
ing spaces on tiiem are still retained ; but, in addition to tms, the Latitude and Longitude of every place 
is now ^ven, by means of whidi the Index can be applied to kdy other aeographical work. 

With a view to the promotion of the general usefulness of the Index as a work of general reference, 
not only have all the names as they appear in the ' Royal Atlas ' been inserted in it, but, so far as they 
could be collected, all popular variations of these as regards soelling; all historical forms or names, and in 
general every form under which they are likely to occur in ouier works, have also been included. Thus, 
while "Puducheri" and ''Kachh" are adopted in the Map as more in consonance with Eastern pronun- 
ciation than *' Pondicheiy " and *' Cutch," the latter, as of constant recurrence in ordinary usage, are like- 
wise given in the Index. 

£i addition to the Countries or Kingdoms, the subdivision of these cotmtries in which the place is 
situated— as Counties, Plrovinces, I>istrict^ Presidencies, fta-^has been appended to every name ; and it 
is hoped that this will materially enhance its value for all ordinary purposes of general reference. 

'^T fw the most complete Ust of the names of places in existenoe."— iiiUfvn ^ thi PruidmU of Royal 
0$oofOfpMtol &ocutym 

''fib, In tB/ot, a Oasetteer of unparalleled fUness.**— ifijpMfator. 



EDUCATIONAL WORKS. 
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ZOOLOGY. 

OUTLINES OF NATURAL HISTORY, for Begiimen ; beixig Beseriptioiui of a Ftogres- 

■iTe Series of Zoological Tsrpes. Fiffcj-two EsgraTiiigt. li. 6(L 

INTRODUCTORY TEXT-BOOK OF ZOOLOGY, for the Use of Junior Glasses. By the 

lame Author. With 127 Engraviiigi. New Edition. 2b. 6d. 

TEXT-BOOK OF ZOOLOOY, for the Use of Schools. By the same Author. Second 

Edition, enlai^^ed. Crown 8to, with 188 Engravings on Wood, Ss. 

A MANUAL OF ZOOLOGY, for the Use of Students. With a General Introduction on 

the Principles of Zoology. Bj HENRY ALLEYNE NICHOLSON, M.D., F.RS.E., F.O.S., &c.. Professor 
of Natural History in the UniTersity of Toronto. Third Edition. Crown 8to, pp. 706, with 280 Engravingi 
on Wood, 12b. 6d. 

INTRODUCTION TO THE STUDY OF BIOLOGY. By the same Author. Grown 8yo^ 

with numerous Illustrations. 5s. 

ME TE OROLOCr. 

INTRODUCTORY TEXTBOOK OF METEOROLOGY. By Alexander Bnchan, M.A, 

F.R.S.E., Secretary of the Scottish Meteorological Society, Author of 'Handy Book of Meteorology/ Ice. 
Crown 8to, witli 8 Coloured Charts and other Engrayings, pp. 218. 4s. 6d. 

GEOLOGY. 

INTRODUCTORY TEXT-BOOK OF GEOLOGY. By David Page, LL.D., Professor of 

Geology in the Durham UniTersity of Physical Science, Newcastle. With ^Engravings on Wood and Oloasarial 
Index. Tenth Edition. 2s. 6d. 

ADVANCED TEXT-BOOK OF GEOLOGY, Descriptive and IndnstriaL By the Same. 

With Engravings, and Glossary of Scientific Terms. Fifth Edition, revised and enlai'ged. 7s. 6d. 

THE GEOLOGICAL EXAMINATOR. A Progressive Series of Questions adapted to 

the Introductory and Advanced Text-Books of Geology. Prepared to assist Teachers in framing their Exam- 
inations, and Students in testing their own Progress and Proficiency. By the Same. Fifth Edition. 9d. 

GEOLOGY FOR GENERAL READERS. A Series of Popular Sketches in Geology and 

Palaeontology. By the Same. Third Edition, enlarged. 6s. - 

HANDBOOK OF GEOLOGICAL TERMS, GEOLOGY, AND PHYSICAL GEOGRAPHY. 

By the Same. Second Edition, enlarged. 7s. 6d. 

CHIPS AND CHAPTERS. A Book for Amateurs and Young Geologists. By the 

Same. 6s.^»^< 

THE PAST AND PRESENT LIFE OF THE^ GLOBE. With numerous Illustrations. 

By the Same. Crown 8vo. 0s. 

THE EARTH'S CRUSTj: A Handy Outline of Geology. By the Same. Sixth Edition. Is. 
SYNOPSES OF SUBJECTS taught in the Geological Class, College of Physical Science, 

University of Durham* Newcafttle-on-Tyne. By the Same. Fcap., cloth, 2b. 6d. 

PHYSICAL GEOGRAPHY. 

INTRODUCTORY TEXT-BOOK OF PHYSICAL GEOGRAPHY. With Sketch-Haps 

and Illustrations. By DAVID PAGE, LL.D., Professor of Geology in the Durham University of Physical 
Science, Newcastle. Sixth Edition. 2s. 6d. 

ADVANCED TEXT-BOOK OF PHYSICAL GEOGRAPHY. By the Same. With Engray. 

ings. Second Edition, enlarged. 5s. 

EXAMINATIONS ON PHYSICAL GEOGRAPHY. A Progressiye Series of Questions, 

adapted to the Introductory and Advanced Text-Books of Physical Geography. By the Same. 9d. j 

" Few of our Kandbooht of popular tcienee can he $aid to have ^rtaier or more docitiwe merit than thote of Mr Paae 
on Otology and PalcBontoloffy. Th^y are clear and vigorous xn ttyle, they never opprett the reader with a pedantic 
ditplay qfleamina, nor overwhelm him with a pompout and tuperfiuoue terminology ; and they have the happy art of 
taxing him ttraightway to the face <^ nature herself, inttead of leading him by the tortuous and bewildering paths of 
technical ^system and artificial classification,** — Saturday Review. 

COMPARATIVE GEOGRAPHY. By Carl Ritter. Translated by W. L. Gage. Fcap.,8s. 6d. 

BOTANY. 

ADVANCED TEXT-BOOK OF BOTANY. For the Use of Students. By Robert 

BROWN, M. A., Ph.D., F.R.O.a, Lecturer on Botany under the Science and Art Department of the Com- 
mittee of the Privy Council on Education. r/j^ ^ Press. 

PHYSICS. 

ELEMENTARY HANDBOOK OF PHYSICS. With 210 Diagrams. By William 

BOSSITER» F.R.A.8., &o. Crown 8vo, pp. 880. 6s. 
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BDt7CATIONAIi l^OUKS—Chfttinued. 



ARITHMETIC, 6Lc. 

THE THEORY OF ABITHMETIO. By David Mum. F.R.8.E., Mathematical Master 

. Bofal High School of Edinhuif^ GroKii 8to, pfw 291 5i. 

ELEMENTABY ABITHMETIO. By Edward Sang, F.B.8.E. This TreaUse is intended 

to ■uppij the graftt dMideratam of an iiitell«otaAl Inttimti c^ a zoatmo ooane of instruoibn in Aiiihmetio. 
Post 8to. 6s. 

THE HIGHEB ABITHMETIO. By the aame Author. Being a Sequel to * Elementary 

Arithmetio.* Crown 8to. 6i. 

FI7E-PLA0E XiOQABITHMS. Arranged Ivy E. Sangp F.B.8.E. Siipence, for the Waist- 

coat-Pockot 

TBSATI8E ON ABITHMETIO, with numerous Exercises fbr teaching in Classes. By 

JAMES WATSON, one of the Maston of Heriot's Hospital Foolscap. Is. 

A GLOSSABY OF NAVIGATION. Containing the Definitions and Propositions of the 

Science, Explanation of Terms, and Description of Instruments. B^ the Rev. J. B. HARBORD, M.A., 
Assistant Director of Education, Admiralty. Crown 8vo. Illustrated with Diagrams. 6s. 

DEFINITIONS AND DIAQBAMS IN ASTBONOMY AND NAVIGATION. By the 

Same. It. 6d. 

EXAMPLES IN BOOK-KEEPINO. A Treatise specially adapted for Schools. By the 

^ Bev. JOHN CONSTABLE, M.A., Principal of the Royal Agricultural College, Cirencester. [In iM Press, 

ENGLISH LANGUAGE. 

BTYMOLOGIOAL AND PBONOUNOINO DIOTIONABY OF THE ENGLISH LAN- 

GUAGE. Includiitff a very Copious Selection of Scientific Terms. For use in Schools and Colleges, and as a 
Book of General lefoseoee. By Che Bit. JAMES STOKMONTH. Ihe Fronnndaikm oarafoHj nTiaed hj 
the Bbv. P. H. PHfiLP, ILA. Gsnliab. Qrown 8to, pp. 758. 7s. 0d. 

THE SCHOOL XTYMOLOaiCAL DIOTIONABY AND WOBD-BOOK : oemliSniiig the 

Advantages of an Ordinary School Diotionazy and an Etymological Spdliog-Book. By the aune Author. 
Foolsoap fivo. Sb. 

ENGLISH PBOSE OOMPOSITION: A Ptactieal Manual for Use in Sdiools. By James 

CURBIE, M.A., Principal of the Church of Scotland Training Collage, Edinbuigh. Ninth Edittoo. la. 6d. 

PBOGBESSrrE AND CLASSIFIED SPELUNO-BOOK. By Hannah B. Loekwood, 

Authoress of ' Little Mary*s Mythology.' Fcap. 8yo. Is. 6d. 

A MANUAL OF ENGIJSH PBOSE LITEBATUBE, Biographical an4 Critical ; designed 

mainly to show characteristics of style. By W. MINTO, M. A. Crown 9ro, 10s. 6± 

A TBEASUBY OF THE ENGLISH AND GEBMAN LANGUAaES. CompUed from 

the best Authors and Lexicographers in botii Languages. Adapted to the Use of Schools, Students, 
TravellerB, and Men of Business; and forming a Companion to all German-English Dictionaries. By 
JOSEPH CAUVIN, LL.D. & Ph.D., of the Univennty of GtftUngen, ko. Crown Sto. 7s. ^. bound in doth. 

OHOIX DBS MEILLEUBES SOENES DE MOLI£B£,*'avec des Notes de Divers Oom- 

mentateurs, et autras Notes Ezplicatives. Par DB|E. DUBUC. Fcap. Sva 4s. 6d. 

HISTORY. 

EPITOME OF ALISON'S HISTOBY OF EUBOPE, for the Use of Schools. Sixteenth 

Edition. Post Sto, pp. 604. 7b. 6d. bound in leather. 

ATLAS TO EPITOME OF THE HISTOBY OF EUBOPE. Eleyen Oolonred Maps. Bj 

A. KEITH JOHNSTON, LL.D., P.R.S.B. In 4to. 7s. 

THE EIGHTEEN OHBISTIAN CENTUBIES. By the Bev. James White, Author of 

'The History of France.' School Edition, post 8yo, with Index. Os. 

HISTOBY OF FBANCE, from the Earliest Times. By the Bev. James White, Author 

of 'The Eighteen Christian Centuries.* Post Svo. 6s., with Index. 

FAOTS AND DATES; or, The Leading Events in Sacred and Profane History, and 




AGRICU L TUR E. 

OATEOHISM OF PBAOTIOAL AOBIOULTUBE. By Henry Stephens, F.B.8.B., 

Author of the ' Book of the Fsim. With Engravings. Is 

PBOFESSOE JOHNSTON'S OATEOHISM OF AGBIOULTUEAL OHEMISTBY. A 

New Edition, edited by Phofbssob VOEpCKEEl. With Engravings. Is. 

PBOFESSOB JOHNSTON'S ELEMENTS OF AOBIOULTUBAL OHEMISTBY AND 

GEOLOGY. A New Edition, revised and brought down to the present time, by G. T. ATKiNSON, B.A., 
F.C.a., Clifton College. Foolscap 8vo. (Js. 
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NOW PUBLISHING. 

ANCIENT CUSSICS FOR ENGLISH READERS 

BY VARIOUS AUTHORS. 
Edited by Bev. W. LUCAS COLLINS, M.A. 

Author of ' Etoniana/ 'The Public Schools/ &c. 



OPINIONS OF THE PRESS. 

'' We gladly avail ourselves of this op]>ortunity to recommend the other volumes of this useful series, most of which are 
executed with discrimination and ability." — Quartcrit/ Revietc. 

" It is difficult to estimate too highly the value of such a series as this in giving 'English readers' an insight, exact as far as 
it goes, into those olden times which are so remote and yet to many of us so close. It is in no wise to be looked upon as a 
rival to the translations which have at no time been brought forth in greater abundance or in greater excellence than in our 
own day. On the contrarv, we should hope that these little volumes would bo in many coses but a kind of stepping-stone to 
the larger works, and would lead many who otherwise would have remained in ignorance of them to turn to the versions of 
Conington, Worsley, Derby, or Lytton. In any case a reader would come with far greater knowledge, and therefore with far 
greater enjoyment, to the complete translation, who had first had the ground broken for him by one of these volumes." — 
Satm'day Jieneii'. 

Tht Volumes p^iblished contain : — 



I.— HOMER : THE lUAD. By the Editor. 

"We can confidently recommend this first volume of 

* Ancient Classics for English Rea<lerR ' to all who have for- 
gotten their Greek and desire to refresh their knowledge of 

* Homer.' As to those to whom the se-ries is chiefly addressed, 
who have never learnt Greek at all, this little book gives them 
an opportunity which they ha<l not l)efore--an opportunity 
not only of remedying a want they must often have felt, but 
of remedying it by no patient and irksome toil, but by a few 
hours of pleasant reading."- Timfg. 

n.— HOMEB : THE ODYSSEY. By the Editor, 
m— HEBODOTTJS. By G. 0. Swasme, M.A. 

"This volume altogether confirms the highest anticipations 
that were forme<l as to the workmanship and the value of the 
series."— />aiVj/ Te/eyi-aph. 

IV.-THE COMMENTARIES OF OiESAR. 

By Anthony Trollope. 

" We can only say that all a^imirers of Mr Trollope will find 
his 'Ctesar' almost, if not quite, as attractive as his most 
popular novel, while they will also find that the exigencies of 
faithful translation have not been able to subdue the charm of 
his peculiar style." — Vauiiij Fair. 

v.— VIROIL. By the Editor. 

''Such n volume cannot fail to enhance the reputation of 
this promising series, and deserves the perusal of the most 
devoted Latinists, not less than of the English readers for 
whom it is designed." — Contempomry Jievietr. 

VI.— -HORAOE. By Theodore Martin. 

" Though we have neither quoted it, nor made use of it, we 
have no hesitation in saying that the reader, who is wholly, or 
most part, imable to appreciate Horace untranslated, may, 
with the insight he gains from the lively, bright, and, for its 
size, exhaustive little volume to which we refer, account him- 
self hereafter familiar with the many-sided charms of the 
Yenusian, and able to enjoy allusions to his life and works 
which would otherwise have been a sealed book to him." — 
Qwi.rterhi Rene if. 

Vn.— iESCHYLUS. By R. S. Oopleston, B.A. 

** A really delightful little volume." — The Examines; 

Vm— XENOPHON. By Sir Alex. Grant, Bart. 

Principal of the University of Edinburgh. 

" Sir Alexander Grant telU the story of Xenophon's life with 
much eloquence and power. It has evidently been with him 
a labour of love, while his wide reading and accurate scholar- 
ship are manifest on nearly every page." — The Examiner. 

IZ.— OIOERO. By the Editor. 

" No charm of style, no facility and eloqnence of illustration, 
is wanting to enable us to see the great Roman advocate, 
statmman, and orator, in the days of Rome's grandeur, in the 
time of her first fatal hastening to her decadence, with whom 
fell her liberty two thousand years ago. The first lines of in- 
troduction to this fascinating book are fall of help and light to 
the stadent of the classical times who has not master^ the 
classical literature, and in whose interests this book is done, 
simply to perfection." — Saunders* Ncw$ Letter, 



X.--SOPHOOLES. By 0. W. Oollins, M.A. 

" Mr Collins shows great skill and judgment in analysing and 
discriminating the plays of the sweet singer of Colonus." — 
Guardian. 

XI.— PLimrS LETTERS. By Rev. A. Ohnrch 
MA., and Rev. W. J. Brodribb, M.A. 

"The writers of the volume before us have contrived^ out of 
their intimate and complete familiarity with their subiect, to 
place the man, his traits of character, his friends, and his sur- 
roundings, so vividly before us, that a hitherto shadowy 
acquaintance becomes a distinct and real personage." — Satur- 
day Revieic. 

Xn.— EURIPIDES.N :By W. B. Donne. 

" We take leave of a tribute to the merit of Euripides, which 
is calculated to enhance the appreciation of the most pathetic 
and philosophic of Greek dramatists. ">-3a<ur^y Review. , 

: Xni.-JUVENAL.*J By Edward Walford, MA. 

** This is one oi the best executed volumes of the whole 
series of 'Ancient Classics,* and exhibits Mr Waif ord's critical 
powers in a voiy favourable light."— Pa// Afall OazetU. 

Xrv.-^Aristophanes.. By the Editor. 

"No single volume has been better done than 'Aristophanes 
by the Rev. W\ Lucas Collins, who edits the whole of the 
series." — Standard. 

XV.— HESIOD AND THEOGNIS. By the Rev. 

James Davies, M.A. 

" If all the other works of this series were written with the 
same ability as Hesiod and Theognis, a very valuable addition, 
in an unpretending form, will have been made to the literature 
of the country."— iSa^Mrrfay Review. 

XVI.— PLAUTUS AND TERENOE. By the 

Editor. 

" One of the very best of this admirable series that has yet 
come imder our notice. For the first time, indeed, the true 
meaning and purpose of the works of tiie two oldest Latin 
dramatists are thoroughly investigated, whilst the elegance of 
their phraseology and the unity of their design are equally 
exemplified."— /fe/r< Weekly Messenger. 

XVn.— TAOITUS. ByW.B. Donne. 

" Mr Donne's sketch of the life and writings of Tacitus is 
worthy of the excellent series of ' Ancient Classics ' to which 
it belongs. It is evident that Mr Donne has studied his 
author deeply and thoroo^hly, at once recognising bis defects 
and appreciating his merits. The little work before us is a 
brief out perspicuous summary of the works of the great 
historian, calculated not only to interest the English readers 
for whom it is primarily intended, but also to assist the 
student who is anxious to make himself acquainted with the 
history of the first century after Christ. We anticipate for 
the work a great success." — Athetiarum. 

XVnL—LUOIAN. By the Editor. 



)Other Authors, by various contributon, are in preparation. 



A Volume is jmUished Quarterly ^ price 2s. 6d. 
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• JKOCKAl'MKHS ANO I'NfinAAEKS TO Till! liUEEN', 

KDlMU'IMlH Ay\) iAtSDOS; 

Agents by Appointment for the Sale of the Ordnance Maps, the Geological Snrvey of Scotland, 

and Admiralty Charts. 

THE NATIONAL SCHOOL BOARD SERIES OF 

LARGE WALL MAPS AND ILLUSTRATIONS. 

r>Y KKVVll JOHNSTOX, LL.D., 

CKOCIRAIMIKR TO TlfK t^UEKX FOR SCOTLAND. 

This AvcU -known SM-ii-: pt.-ics^i-s tin- r.tHdwin.L^' advaiitagK-* : — 

Fr(»iu the jrivat «li.'iiian«l. iln-y a if foii<tMuily at press, and no Ma]) is ovor printed without heinpr 
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Thi' ^lajis jiiv ]niiitc«l hy Sti'.nii, in j^iTininu'iit Oil Coloui's. 
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GENERAL GEOGRAPHT. 



KASTERN TIKMISPHKRK. 



WESTKUN HEMISPHERE. 



en(;land. 
scotland. 

m ELAND. 

El'IlUPE. 

ASIA. 

AFRICA. 

AMfUUCA. 



CANAAN AN-n PALESTINE. ■ NORTH AMERICA. 

' SOUTH AMERICA. 



I BIMTISH ISLES. 
, FRANCE. 

SPAIN. 

ITALY. 

CENTRAL ErRoPE. 

LVDIA. ; 

EASTERN AM» WESTERN HEMISPHERES (Onk Map). 



INlTEl) STATIvS. 
CANAO.V, NOVA 
SCOTIA, Etc. 
= AUSTRALIA. 



NEW ZEALAND. 
PACIFIC OCEAN. 
TRAVELS OF ST PAUL. 
WORLD, Mkimatok'h 
Pbojkithw. 



OUTLINE MAPS. 



Uniform with tho Maps of General (ico^rrapliy. sliowinpr the Outlines, Rivers, Mountains, Tov^ns, and Political 



WORLD, Mkimatj.i;. 
AVnRLl), IN Hkmisi'iikkks. 
EUliOPE. 



ASIA. 
AFRI( A. 
AAI ERICA. 



PdllTlSH ISLF.S. 
EN (i LAND. 
SCOTLAND. 



IRELAND. 
INDIA. 



CLASSICAL GEOGRAPHT. 



ORRIS VETERIP.US 
NOTUS. 



ITALIA ANTIQUA. 



fULEClA ANTKJUA. 



ASIA MINOR. 
ORBIS RUMANUa. 



PHYSICAL GEOGRAPHY. 



WORLD, IN HEMisruEKKs. | EUROPE. | ASIA. | AFRICA. | AxMERIC.A. 

Al<o now rea-lv, PHYSICAL CHABT OF THE WORLD, <.n :^li:iirAT..Tj's Rrojfction, snitablo for School or Li}>niry. 

."»<» hy 4"J iuclu.'si. I'nre til. Is. 

Ejuh I'hysioal Map is acooTiipanie*] hy a lIandl.'»ok, witli a {.'<»loiired Sketch-Map. 



SET OF MAPS IN STAND. 

THE STAND 1=* mounted i»n Castors, an«l cont.-iins 10 
Coloured M:ips o\\ a i«»iitir.uous wol» <»f cluth, which re- 
vulves vertii'ally nvcr Rollor> »»y turning; the }i:jnd]e at tho 
-.iih-. so tliut. tlic Mill's arc o\liil>it.c-d in rotation. 

LIST OK THE MAPS. 

£. Hemisphere W. Hemisphere Enrope Asia Africa 
- America- England— Scotland- Ireland, & Palestine. 

The MapM measure 1 feet *2 inches l»y 'A foot •> inchc.'«. 
Tin* Stnml is »i foet O inchw hiijh hy 1 feet 7 inelicB l>n»ad. 
It can )>o taken in pieces, packcil in mattin;^, an«l sent with 
safety to iiuy part of tiie country. 

/•ivVe ufihe 10 J/i/y*.« nmt /\ii,it.ff Shi„tt, CT, 17.<. *vf. 

Black Roanl behind for Arithmetic or I)iaL'rara», lOs. tM. 

cxtm. 



SET OF MAPS IN CASE. 

THE CASE for Imnpntr on a wall contains lf> Coloured 
Maps on Cloth and liollerii. and is so construeted that any 
M:ip can l>u -Irawn down a« required, and pulled up ai(ain 
hv the (^>r^ls at, tho side. 

I,1ST OP THE MAPS. 

E. Hemisphere - W. Hemisphere- Europe— Atia— Africa 
- America- England— Scotland— Ireland, & Palestine. 

Tho Mapa measure 4 feet 2 inches ]>y 3 feot 6 incboi. 
Tiic Case is 4 fi.*el 8 inches lon^ by 1 foot 1> inches high; 
and as it is onlv4 inches thick, it projects very little froxn 
tho wall. It can bo packed in mattin)L,% and sont with safety 
to any part of the country. 

PnW nffhti 10 J/cry** ami Paltihxl C»w, £7, If* 



ILLUSTRATIONS OF NATURAL PHILOSOPHY. 



No I. 

PROPERTIES OF BODIES, 

37 Piagrams. 

No. IT. 
MECHANICAL POWERS, 

47 Diagrams. 

No. III. 
HTDR0STATIC8, 

28 Diagrams. 

No. IV. 
HYDRAULICS, 

27 Diagrams. 

No. V. 
HUMAN ANATOMY, 

No. 1, 27 Diagrams. 

No. VI. 
HUMAN ANATOMY, 
No. 2, 42 Diagrams. 

No. VII. 
STEAM-ENGINESAND BOILERS, 

15 Diagrams. 






i 






HI 





No. VIII. 
BOTANY, 

Sheet 1. 
36 IUu9iratwn$, 

No. IX. 
.BOTANY, 

Sheet 2. 
36 Illustrfiitions. 

No. X. 
BOTANY, 

Sheet 3. 
36 lUustratiom. 

No. XI. 

BOTANY, 

Sheet 4. 

44 TUustmti&ns. 

In preparation, 
ASTRONOMY. 



Uniform in Size and Price with the National School Board Series of Large Wall Maps. 

.Size— 4 Feet 2 Inches uy 3 Fket 6 Inches. 
Pkick— Coloured, on Cloth and Roller, ..... lOs. 

,, ,, Varnished, .... 12s. 

A Handhook i^ given free with each Wall Map and lUastration. 



»» 



METRIC SYSTEM, 

A Synoptic Table, with Dtaorams. showing the Am-Aii Size of Weights and Mk.asures, 

BY C H. IKAVLIXG, C.E., with H.\ni»book bt JAMES YATES, Esq., M.A., &c. &c. 

Size, 5 feet by 4 feet 2 ixicheH. Price, coloured, on Cloth and Hollers, ISs. ; varnished, 17s.; in 4to Portfolio, los. 

A Cheap EinrinN of the Aliove, 

In which the Weights and .Measures are shown one-fourth of the Actual Sisse. 

Size, 33 by 27 inches. Price, coloured, on Cloth and Rollers, 6s., varnished, Cs. 



SMALL WALL MAPS. 



EASTEKN HEMISPHERE. 
WESTERN HE.MISPHERE. 
E. & W. HEMISPHERES (I Map). 
WORLD (iMercator). 
BRITISH ISLES, 



ENOLAND. 

SCOTL.VND. 

IRELAND. 

ErROPf:. 

ASIA. 



AFRICA. 
AMERICA. 

(;ANAAN and PALESTINE. 
CANADA, UNITED STATES, AND 
MEXICO. 



Size, 33 by 27 inches. Price, coloured, on Cloth and Rollers, 58. ; varnished, Gs. 

Uniform in Skc^ Pric4f, and'Stylca of Mount itiff, with thr. Small Wall Maps. 

A MAP ILLUSTRATIVE OF fiEOGRAPHICAL TERMS, with Glossary. 

CHKONOLOGICAL CH^UIT OF ANCIENT HISTORY, from the Creation to the Fall of the Western Roman 

Empire, with Glos.sauy. 

10 of the above Maps, mounte<l on a Stand tsee preceding i>age), with Diagram Board on back, £5, 58. The 
Stand mea.sures (i feet in height by 3 feet 3 inches in breadth. 

In Case (see preceiling i»age), the 10 Maps cost 4:4, 14s. fid. Size of the Case, 3 feet 3 inches by 1 foot 6 inches. 



JOHNSTONS MODERN 6L0BE8. WITH ALL THE MOST RECENT DISCOVERIES. 



30-iN<'H Teurestrtal Globe, Black Stand, £8 18 6 

18-iNcii Globe, Low Black Stand, . „,,* . .5 5 

Mahogany Stand, . 5 lo 6 

High „ „ r. 7 17 6 



>» 



li-iNCH Globe, Black Stand, . . . £2 12 6 

,, „ High Mahogany Stand with 

Compass, . . . 3 13 6 

O-ixcH Globe, Low Black Stand, . . 15 

3-iN(:i{ Globe, llosewood Stand, . . 8 B 

When pitclinfj-car^en are ri turned and rpo \vcdy a small charge onhj is wade Jor the use of thtm^ The PuUUhers do not, 
uiuO r auff drctiniatitnct^*, hold themsdvcs regpitnmhk'j'or any damatj*' Olobrs may su^ain aft^r leaving their premiAns. 

LAEOE 0X7TLINE CHARTS OF THE WORLD. 

No. I., in 20 sheets — size, when joined, 15 feet by 12 feet ; price in Sheets, (dain, £5 — or mounted in 3 pieces to 
join up, £7. No. II., in 4 sheets — size, when joined, (> feet by 4 feet 4 inches; price in Sheets, plain, 18s. — or on 
Cloth and Roller, 308. 

JOHNSTONS CHART OF THE WORLD ON MERCATOR'8 PROJECTION. 

Size, 6 feet by 4 feet 8 inches. Price on Roller yarniahed, or in quarto morocco Case, £3, Ss. 

LARGJEUaCQ^L-MAF OF EUROPE, on Roller, Vanuslied. 

5 feet 8 inches by 5 feet 3 inches. 
mien-SheA pott free on application. 




